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PREFACE 


The  Proceedings  of  the  Repair,  Evaluation,  Maintenance,  and  Rehabilita¬ 
tion  (REMR)  Research  Program  Workshop,  "Assessing  the  Stability  of  Concrete 
Structures  on  Rock,"  were  prepared  for  the  Office,  Chief  of  Engineers  (OCE) , 

US  Army  by  the  US  Army  Engineer  Waterways  Experiment  Station  (WES) .  The 
proceedings  provide  a  record  of  the  papers  presented  and  the  reports  of  the 
five  working  groups. 

The  meeting  was  organized  by  WES  under  the  direction  of  Mr.  William  F. 
McCleese,  REMR  Program  Manager,  and  Mr.  Lucian  Guthrie,  OCE  Technical  Monitor. 
Acknowledgements  are  extended  to  the  following:  CPT  Wylie  Bearup  for  arrang¬ 
ing  for  the  meeting  place,  video  equipment,  tape  recorders,  and  paper 
supplies;  each  of  the  speakers  who  gave  a  presentation  on  the  first  day  of  the 
workshop  and  who  furnished  a  summary  for  these  proceedings;  the  chairman  of 
each  working  group  who  presided  over  the  discussions  and  presented  the 
findings  and  conclusions  of  the  working  group  before  the  workshop  attendees; 
and  the  recorders  for  keeping  a  record  of  the  working  group  activities  and 
preparing  the  report  for  these  proceedings.  The  proceedings  were  compiled 
by  Mr.  McCleese. 

The  Workshop  was  funded  by  REMR  Research  Program  under  Work  Unit  32306, 
"Stability  of  Existing  Concrete  Structures  on  Rock."  OCE  supervision  was  pro¬ 
vided  by  Mr.  Jesse  A.  Pfeiffer,  Jr.,  Directorate  of  Research  and  Development; 
and  by  Messrs.  John  R.  Mikel  (Chairman),  Tony  C.  Liu,  and  Bruce  L.  McCartney 
of  the  REMR  Overview  Committee.  Mr.  Lucian  Guthrie  and  Mr.  Paul  R.  Fisher 
were  the  OCE  Technical  Monitors. 

Director  of  WES  at  the  time  of  the  workshop  was  COL  Allen  F.  Grum,  USA. 
The  present  Commander  and  Director  of  WES  is  COL  Dwayne  G.  Lee,  CE.  Technical 
Director  is  Dr.  Robert  W.  Whalin. 
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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC) 
UNITS  OF  MEASUREMENTS 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 
(metric)  units  as  follows: 


Multiply 

By 

To  Obtain 

acres 

4,046.873 

square  metres 

degrees  (angle) 

0.01745329 

radians 

feet 

0.3048 

metres 

inches 

25.4 

millimetres 

kips  (force)  per  square  foot 

47.88026 

kilopascals 

kips  (force) 

4.448222 

kilonewtons 

miles 

1.609347 

kilometres 

pounds  (force)  per  square  inch 

6.894757 

kilopascals 

pounds  (mass)  per  cubic  foot 

16.01846 

kilograms  per  cubic  metre 

r 
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PROCEEDINGS  OF  REMR  WORKSHOP  ON  ASSESSMENT  OF  THE 
STABILITY  OF  CONCRETE  STRUCTURES  ON  ROCK 


INTRODUCTION 

The  Repair,  Evaluation,  Maintenance,  and  Rehabilitation  (REMR)  Workshop 
on  "Assessing  the  Stability  of  Concrete  Structures  on  Rock"  was  held  at  the 
Holiday  Inn,  Vicksburg,  Mississippi,  on  10-12  September  1985.  The  Workshop 
was  sponsored  by  a  research  work  unit  under  the  REMR  program  entitled,  "Stabi¬ 
lity  of  Existing  Concrete  Structures  on  Rock."  Dr.  Carl  Pace  of  the  WES 
Structures  Laboratory  and  Mr.  James  Warriner  of  the  WES  Geotechnical 
Laboratory  are  the  principal  investigators  for  this  work  unit. 

The  stability  assessment  problem  is  a  multidisciplinary  problem  which 
requires  the  combined  efforts  of  geotechnical  and  structural  personnel  for  a 
total  solution.  A  good  representation  of  both  groups  was  present  at  the 
workshop.  The  objectives  of  the  Workshop  were: 

(1)  To  promote  and  establish  a  good  rapport  between  the  geotechnical 
and  structural  personnel  that  would  lead  to  a  better  understanding  of  the 
total  problem  and  a  system  approach  to  developing  the  best  possible  guidance. 

(2)  To  identify  shortfalls  in  present  criteria,  procedures,  and 
techniques. 

(3)  To  identify  some  potential  solutions  to  the  identified  shortfalls 
and  field  Input  on  the  areas  where  research  is  most  reeded  and  most  likely  tc 
produce  significant  results. 

The  first  day  of  the  Workshop  was  devoted  to  presentations  on  the 
experiences,  problems,  and  current  practices  relating  to  stability  of  concrete 
structures  on  rock.  On  the  second  and  third  days,  attendees  were  assigned  to 
one  of  five  working  groups  which  met  concurrently  to  summarize  existing  proce¬ 
dures,  identify  shortfalls,  and  recommend  potential  solutions  and  directions 
for  future  research.  The  presentations  that  were  given  and  a  record  of  the 
activities  of  each  working  group  are  documented  in  these  Proceedings. 
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ATTENDEES 


REMR  Workshop  of  the  Stability  of  Concrete  Structures  on  Rock 
Vicksburg,  Mississippi  10-12  September  1985 


Name 

Organization 

Group 

No. 

FTS  Phone 

No . 

Commercial 
Phone  No. 

Agostinelli,  Vic 

LMVED-TS 

5 

542-5933 

(601) 

634-5933 

Anderson,  Robert 

WESGR 

4 

542-3245 

(601) 

634-3245 

Banks,  Don 

WESGR 

542-2630 

(601) 

634-2630 

Bearup,  Wylie 

WESSC-A 

3 

542-3815 

(601) 

634-3185 

Berezniak,  Jack 

NABEN-F 

1 

922-4431 

Boggs,  Howard 

BuRec ,  Denver 

776-4000 

(303) 

236-4000 

Buttrey,  Cal 

TVA 

L 

856-3336 

(615) 

632-3336 

Canning,  Charles 

ORDED-G 

1 

684-3028 

Chambers,  Donald 

NPPEN-DB-SA 

3 

(503) 

221-6906 

Clough,  Wayne 

Virginia  Tech 

3 

(703) 

961-6637 

Deal  Hubert 

TVA 

3 

856-3030 

(615) 

632-3030 

DeLoach,  Stephen 

ETL-TD-EA 

4* 

385-2816 

(202) 

355-2816 

Dempsey,  Lavane 

KCDE-S 

1 

725-7593 

Doak,  Sam 

NCR  ED 

5 

(309) 

788-6361 

Dowding,  C.  H. 

Northwestern  Univ. 

(312) 

491-4338 

Dressier,  Don 

DAEN-ECK-D 

3* 

272-8674 

(202) 

272-8674 

Erha rt,  Joseph 

NCBED-DD 

3 

473-2204 

Foster,  Jerry 

FERC 

3 

376-9213 

Caddie,  Thurman 

ORDED-T 

5 

684-2159 

Godwin,  Neal  Jr. 

SWDCO-O 

2 

729-2429 

Greene,  Brian 

NCBED-DD 

2 

473-2241 

Gribar,  John 

ORPED-DM 

1 

722-6820 

Groves,  Chris 

Shannon  &  Wilson 

- 

Gustafson,  Lewis 

NPDEN-GS 

4 

423-3867 

Guthrie,  Lucian 

DAEN-ECE-D 

5* 

272-8673 

(202) 

272-8673 

Hadala,  Paul 

WESGV 

2* 

452-3475 

(601) 

634-3475 

Jackson,  Lawson 

SWDED-G 

2 

729-3278 

John,  Robert 

ORPED-G 

2 

722-4126 

Johnson,  Garrett 

NPSEN-DB-ST 

1 

399-3790 

Kleber,  Brian 

LMSED-FI 

4 

273-5638 

(314) 

263-5638 

Kling,  Charles 

SAMEN-DN 

3 

537-2635 

Kovari,  Kalman 

ETU-Zurich 

4 

Krysa,  Ar.ton 

ORPED-DM 

5 

722-5453 

Lee,  M.  K. 

DAFN-ECE-D 

5 

272-8676 

(202) 

272-8676 

Lofton,  Edd 

SWLED-DS 

4 

740-5161 

Logsdon,  Don 

NCRED 

3 

(309) 

788-6361 

Long,  Stuart 

CRPED-GG 

1 

722-4164 

McCleese,  Bill 

WESSC 

5** 

542-2512 

(601) 

634-2512 

Munger,  Dale 

DAEN-ECE-G 

3 

272-0210 

(202) 

272-0210 

*  Working  Group  Chairman. 

**  Working  Group  Recorder. 
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Group 
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Commercial 
Phone  No. 

Nicholson,  Glenn 

WESGF 

1* 

542-3611 

(601) 

634-3611 

Oliver,  Lloyd 

SAMEN-DG 

1 

537-3684 

Pace,  Carl 

WESSC 

3** 

542-3221 

(601) 

634-3221 

Peters,  John 

WESGE 

3 

542-2590 

(601) 

634-2590 

Rahdakrishnan ,  N. 

WESKV 

J 

542-2187 

(601) 

634-2187 

Riddle,  Todd 

LMVED-GG 

2 

542-5886 

(601) 

634-5886 

Schlaht,  I.arry 

MROED 

1 

864-4485 

Singh,  Hari 

NCD/WESGR-M 

1** 

542-3974 

(601) 

634-3974 

Singhal,  Avi 

WESSC  (ASU) 

4  ** 

(601) 

965-6901 

Simmons,  Marvin 

ORDN-G 

l 

852-5686 

(615) 

251-5686 

Snipes,  Robert  Jr. 

SAWEN-GS 

4 

671-4705 

Speaker,  John 

ORLED-D 

1 

382-5601 

Staab,  Ervill 

MRDFD-TS 

3 

864-7222 

(402) 

221-7222 

Strom,  Ralph 

NPDFN-TE 

5 

423-3863 

Tracey,  Fred 

WESKA-E 

3 

542-3509 

(601) 

634-3509 

Warriner,  James 

WESGR-N 

2** 

542-3610 

(601) 

©34-3610 

Weaver,  Frank 

LKVD 

1 

542-5896 

(601) 

634-5896 

White,  John 

SPKED-D 

3 

460-2070 

(916) 

551-2070 

Wright,  Richard 

NANEN-DF 

(212) 

264-0847 

Yost,  Bob 

ORHED-G 

2 

924-5234 
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AGENDA 


REMR  Workshop  on  the  Assessment  of  the  Stability  of 
Concrete  Structures  on  Rock 


Conference  Room  at  Holiday  Inn 


Tuesday 

Sept.  10,  1985 

Presentations 

Speaker 

8:30  a.m. 

Welcome,  Announcements, 
Objectives,  and  Plans 

Bill  McJleese 

8:40  a.m. 

Summary  of  Experiences, 

Problems,  and  Needs  of 

Ohio  River  Division 

Thurman  Gaddie 

9: 10  a.m. 

Summary  of  Experiences, 

Problems,  and  Needs  of 

North  Central  Division 

Hari  Singh 

9:40  a.m. 

Survey  of  Stability 
Investigations  of  Concrete 
Structures  on  Rock 

Larry  Schlaht 

10:10  a.m. 

Coffee  Break 

10:30  a.m. 

Stability  Analysis  of 

Troy  Lock  and  Dam 

Carl  Pace  and 
Chris  Groves 

11:10  a.m. 

Current  Practices  of 

Tennessee  Valley  Authority 

Harold  Buttrey 

11:40  a.m. 

Lunch 

12:00  p.m. 

Current  Practices  of 

Bureau  of  Reclamation 

Howard  Boggs 

1:10  p.m. 

Current  Practices  of 

Federal  Energy  Regulatory 
Commission 

Jerry  Foster 

1:40  p.m. 

Computer  Codes  Available 
to  Assist  in  Stability 

Analys is 

N.  Radhakrishnan 

2: 10  p.m. 

Coffee  Break 

2:30  p.m. 

Experiences  in  Stability 
Analysis  and  Borehole 

Micrometer 

Kalman  Kovari 
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I'FE  OF  ROCK  ANCHORS  TO  IMPROVE  STABILITY  OF 
STRUCTURES  WITHIN  THE  OHIO  RIVER  DIVISION 


Mr.  Thurman  Caddie 


Army  Corps  of  Engineers, 
Ohio  River  Division 


1.  Within  the  last  20  years,  rock  anchors  have  been  used  to  repair  fractures 
and  to  improve  stability  of  28  structures  within  the  Ohio  River  Division. 
Twenty-two  of  these  applications  were  for  the  purpose  of  assuring  stability  of 
both  new  and  existing  structures.  A  tabular  summary  of  these  22  stabilitv 
applications  is  presented  in  Table  1-^T  The  stability  criteria  used  for  the 
design  of  rock  anchors  are  shown. 

2.  It  will  be  noted  that  the  stability  criteria  shown  varv  substantially. 

This  variation  is  considered  warranted  as  the  criteria  were  based  on  the 
degree  to  which  foundation  strengths,  geologic  conditions  and  loadings  were 
known  or  could  reasonably  be  determined.  Less  conservative  factors  of  safetv 
were  used  where  detailed  foundation  investigations  were  conducted  (by  means  of 
calyx  holes,  hand-cut  foundation  block  specimens,  joint  and  fault  mapping,  and 
extensive  laboratory  testing)  and  reasonably  conservative  failure  plane 
assumptions  were  employed.  Previous  maximum  loadings  on  existing  structures 
were  carefully  considered.  Where  appropriate,  consultants  were  employed  to 
evaluate  design  parameters,  analyses,  and  procedures. 

3.  In  summary,  considerable  engineering  judgement  went  into  selecting  design 
criteria  that  were  compatible  with  the  degree  of  certainty  to  which  other 
design  parameters  could  reasonable  be  established.  In  the  author's  view,  it 
would  be  inappropriate  for  the  Corps  to  establish  firm  stability  criteria  for 
remedial  work,  without  closely  relating  factors  of  safety  to  the  methods  and 
procedures  for  investigating  foundation  conditions,  assigning  strengths  and 
numerically  analyzing  stability. 

4.  Slides  of  remedial  work  were  shown  and  discussed. 


A  table  of  factors  for  converting  nor-Sl  units  of  measurement  to  SI 
(metric)  units  is  presented  on  page  4. 
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Tuesday 
Sept.  10,  1985 

3: 10  p.m. 

3:30  p.m. 

4:00  p.m. 

Wednesday 
Sept.  11,  1985 

8:00  a.m. 

8:15-11:00  a.m. 

11:00-12:00  a.m. 

12:00-1:00  p.m. 
1:00-4:30  p.m. 

4:30  p.m. 

Thursday 
Sept.  12,  1985 

8:00-12:00 
12:00-1:00  p.m. 
1:00-3:30  p.m. 

3:30  p.m. 

*NOTE:  Working  Group 
discussion  to 


_ Presentations _  Speaker 

New  ETL,  "Stability  M.  K.  Lee 

Criteria  for  the 
Rehabilitation  of  Navigation 
Concrete  Structures" 

Measurement  for  In-Situ  Wayne  Clough 

Backfill  Pressures 

Adjourn* 


Working  Group  Sessions  (Total  of  5) 

Meet  in  Main  Conference  Room  for 
assignments  and  instructions. 

Individual  Working  Groups  meet  in 
separate  rooms  to  derive  an  outline  for 
their  final  presentation  and  report. 

Main  Conference  Room.  Each  Chairman  will 
make  a  10-minute  presentation  on  the 
outline  and  plans  of  their  working  group. 

Lunch 

Individual  Working  Croup  meetings 
Adjourn 


Working  Group  Sessions  (Total  of  5) 
Individual  Working  Group  meeting 

Lunch 

Presentations  by  Chairmen  of  each 
Working  Group  (30  minutes  each) 

Adjourn 

Chairmen  and  Recorders  will  meet  for  a  15-minute 
be  led  by  Avi  Singhal. 
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ult  -  Ultimate 
PZ  -  Piezometer 


SWFARY  OF  EXPERIENCES,  PROBLEMS ,  AND  NEEDS  OF 
NORTH  CENTRAL  DIVISION 


Hari  Singh 

L'.S.  Army  Corps  of  Engineers, 
North  Central  Division 


005682 

H 

1.  North  Central  Division  (NCD)  has  the  responsibility  of  maintaining 
existing  Corps  structures  located  ir.  the  Great  Lakes  areas,  along  the  1'pper 
Mississippi  River  and  its  drainage  areas,  and  along  part  of  the  St.  Lawrence 
Seaway.  Some  of  these  structures  are  founded  on  rock,  especially  those  along 
the  Illinois  Waterways  in  the  Rock  Island  District,  the  St.  Lawrence  Seaway  in 
the  Buffalo  District  and  in  the  Sault  Ste.  Marie  area  in  the  Detroit  District. 
A  great  majority  of  these  structures  are  navigation  locks,  and  the  remaining 
are  spillway  structures  for  earth  dams. 


2.  ER  1110-2-100,  "Periodic  Inspection  and  Continuing  Evaluation  of  Completec: 
Civil  Works  Structures,"  1973  with  changes  to  1977,  requires  in  part:  "Sta¬ 
bility  of  principal  concrete  and  earth  structures  should  be  reviewed,  based  on 
current  criteria  in  cases  where  original  design  criteria  were  less  conserva¬ 
tive."  In  compliance  with  this  ER,  our  districts  have  launched  their  respec¬ 
tive  program  to  evaluate  the  stability  of  all  their  structures  on  rock 
foundations.  However,  because  ol  many  other  responsibilities,  they  have  not 
been  able  to  allocate  enough  resources  to  complete  the  evaluations  ol  ail  of 
the  structures,  and  only  about  25  percent  of  the  structures  have  been 
evaluated . 


3.  The  evaluation  analyses  performed  by  the  districts  and  reviewed  by  the 
North  Central  Division  indicate  that  a  great  majority  of  the  structures  do  not 
satisfy  the  current  stability  requirements.  The  overturning  requirement  was 
the  most  critical  for  all  oi  the  evaluated  structures.  The  requirements  for 
sliding  were  satisfied  in  the  majority  of  cases. 

4.  Results  of  the  evaluation  analysis  of  three  lock  structures  have  been 
shown  in  Tables  1  thru  4  and  Figures  1  thru  3.  These  results  are  typical  of 
all  of  the  evaluations  conducted  to  date  in  the  North  Central  Division.  The 


results  clearly  indicate  that  the  Corps  of  Engineers'  requirements  for  stabil¬ 
ity  are  not  satisfied  in  these  three  examples.  Remedial  measures  in  the  form 
of  posttensioned  anchors  are  needed  to  stabilize  the  structures.  The  esti¬ 
mated  costs  for  the  remedial  measures  for  the  Eisenhower  Lock  is  about 
$20  million;  for  the  Davis  and  Sabin  Locks  the  estimated  costs  is  about 
$10  million.  Lockport  Lock  was  reevaluated  on  the  basis  of  a  revised  value  of 
coefficient  of  earth  pressure  and  a  less  severe  criterion  for  stability  as 
outlined  in  Table  1  of  Draft  ETL  "Stability  Criteria  for  Rehabilitation  of 
Navigation  Concrete  Structures"  (Appendix  B) .  The  revised  analysis  met  the 
requirements  of  the  Draft  ETL;  therefore,  no  remedial  action  was  taken  to 
stabilize  the  structure  when  the  structure  was  rehabilitated  last  year  for 
other  structural  deficiencies. 

5.  An  in-depth  review  of  the  method  of  analysis,  loads  considered,  and  the 
shear  strength  parameters  used  in  the  evaluations  revealed  that  our  methods  of 
computing  earth  pressures,  and  the  shear  strength  selection  procedure  for  rock 
foundations  are  very  conservative. 

6.  EM- 1 1 10-2-2502  (29  May  1961)  requires  evaluation  of  earth  pressure  against 
structures  on  a  rock  foundation  on  the  basis  of  the  at-rest  pressure  (K^)  con¬ 
dition.  This  leads  to  overestimation  of  the  earth  pressures  in  two  ways: 

(a)  evaluation  of  for  compacted  soils  is  very  complicated  and  there  is  not 
enough  information  either  in  Corps  manuals  or  published  literature  for  a  rea¬ 
sonable  evaluation  of  this  parameter.  Designers,  therefore,  assume  a  very 

conservative  value  for  K  to  protect  themselves  from  embarrassment  in  case 

o 

failure  occurs;  (b)  the  Kq  condition  does  not  appear  reasonable  for  evaluation 
of  all  structures  on  rock  foundations.  Structures  which  are  founded  on  rela¬ 
tively  softer  rock  will  undergo  lateral  movements  under  load  due  to  the  elas¬ 
ticity  of  the  foundation  materials.  This  lateral  movement  results  in  a  state 

of  stress  in  the  backfill  which  is  between  the  active  pressure  condition  (K  1 

a 

and  K  .  Therefore,  it  is  necessarv  tc  develop  a  mechod  to  evaluate  K  for 
o  '  o 

compacted  backfill  with  reasonable  accuracy  to  be  used  in  the  evaluation  of 

the  structures  on  hard  rock,  and  a  criterion  to  choose  a  coefficient  of  earth 

pressure  between  K  and  K  to  evaluate  structures  on  relatively  softer  rock, 
a  o 


1  !S 


7.  The  selection  of  shear  strength  parameters  for  sliding  stability  in  Corps 
projects  depends  upon  the  ability  and  the  judgement  of  the  person  responsible 
for  exploration  and  testing.  Corps  manuals  do  not  provide  guidelines  on  how 
to  select  specimens  for  testing  and  what  failure  criteria  (peak,  ultimate,  or 
residual)  should  be  used  in  determining  design  shear  strength.  In  the  absence 
of  any  guidelines,  the  shear  strength  parameters  for  reevaluation  are  selected 
on  the  basis  of  the  shear  strength  of  intact  rock,  and  the  sliding  friction  of 
saw-cut  specimens.  Specimens  of  grout  over  saw- cut  rock  are  tested  to  repre¬ 
sent  shear  strength  parameters  at  the  concrete-rock  interface.  None  of  the 
above  strength  parameters  truly  represent  the  actual  condition  along  a  poten¬ 
tial  failure  plane.  Sliding  failure  generally  occurs  along  an  existing  dis¬ 
continuity;  therefore,  shear  strength  parameters  of  discontinuities  should  be 
used  in  design  rather  than  the  shear  strength  of  intact  rock  and  the  sliding 
friction  angles  of  precut  rocks.  It  is,  therefore,  necessary  to  provide 
guidelines  on  selection  procedures  for  shear  strength  parameters,  selecting 
test  specimens,  etc.,  for  discontinuities. 

8.  Traditional  methods  of  evaluating  overturning  stability  neglects  a  signif¬ 
icant  element  of  stability.  It  appears  reasonable  to  believe  that  when  a 
retaining  structure  tends  to  rotate  about  its  toe,  a  surface  of  rupture  (plane 
or  curve)  with  resistive  shear  stresses  acting  along  it  has  to  develop  in  the 
backfill  materials  when  the  backfill  materials  extend  considerably  beyond  the 
heel.  This  resistive  force  adds  stability  to  the  structure  and  should  be  con¬ 
sidered  in  an  evaluation  of  overturning  stability.  North  Central  Division 
strongly  feels  that  a  research  program  should  be  launched  to  study  and  evalu¬ 
ate  the  magnitude  of  such  a  resistive  force  and  to  incorporate  this  resistive 
force  into  our  existing  method  cf  overturning  stability  analysis. 


16 


TABLE  1  -  Eisenhower  Lock:  Stability  Analysis  Summary  (Typical  Wall  between  Cates  Monolith) 


typical  monolith  the  1/4  point  equals  16.28  feet.  See  Figure  1  for  a  typical  port  monolith  section. 


TABLE  2 

I OCKPORT  LOCK  -  STABILITY  ANALYSIS 
Lock  Chamber  Land  Wall 


Anchor  Force 
Req'd  to  Meet 


Case 

Bearing 

Pressure 

ksf 

(Ult  =  1,991) 

Overturning 

Criteria 

k/ft 

(80  k/ft  provided) 

Sliding  Factor 
of  Safety 
Lower  Bound 
Rock  Parameters 

Sliding  Factor 
of  Safety 
Upper  Bound 
Rock  Parameters 

I 

16.6 

61.7 

2.8 

18.0 

II 

18.6 

60.7 

1.8 

13.2 

III 

17.6 

40.7 

2.4 

15.8 

IV 

18.7 

46.9 

2.5 

16.0 

TABLE  3 

LOCKPORT  LOCK  -  STABILITY  ANALYSIS 

Lock  Chamber  River  Wall 

Case 

Bearing 
Pressure 
ks  f 

(Ult  =  1,991) 

Base  Area 
(in  Compression) 

Sliding  Factor 
of  Safety 
Lower  Bound 
Soil  Parameters 

Sliding  Factor 
of  Safety 
Upper  Bound 
Soil  Parameters 

I 

9.0 

100% 

1.5 

17.4 

II 

18.0 

100% 

14.9 

153.9 

Case 

1 : 

Normal  operating  condition.  Lower  pool  in  lock 
EL. 539. 00,  backfill  saturation  to  EL. 549.00. 

chamber  at 

Case 

II: 

Extreme  operating  condition  same  as  Case  I  with 
saturation  raised  to  EL. 561. 00. 

backfill 

Case 

II I : 

Extreme  maintenance  condition,  same  as  Case  I,  ' 
chamber  unwatered  to  lock  floor,  EL. 523. 

with  lock 

Case 

IV: 

Same  as  Case  I  with  Earthquake  loading. 
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A. 


LOCK  PORT  LOCK 
PLAN  t  TVPICM-  SECTIONS 
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TABLE  4 

STABILITY  RESULTS,  DAVIS  &  SABIN  LOCKS 


CONDITION 

SECTION 

REQUIRE¬ 

MENT 

RESULTS 

Lock  dewatered, 
sliding  toward 
chairber 

Narrow  wall 
near  upstream 
end 

F.S.  >  2 

F.S.  =  1.25 
w/o  floor 

F.S.  >  2.0 
w/f loor 

Lock  dewatered, 
overturning 
toward  chamber 

Narrow  wall 
near  upstream 
end 

Resultant 
in  middle 

1/2 

3'  outside 
the  middle 

1/2 

Lock  at  low  pool, 
overturning 
toward  chamber 
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RLh-VEY  of  stability  investigations  of  concrete  stria;  I  fees 


A 


Larrv  Schlaht 


lb  | 


U.S.  Army  Corps  of  Engineers, 
Omaha  District 


1.  Omaha  District  personnel  conducted  a  survey  in  eari\  ;  l,s 
methods  and  criteria  used  on  completed  and  ongoing  stability 
for  Corps  of  Engineers  concrete  structures  on  rock  foundat i": 
was.  funded  under  the  Repair,  Evaluation,  Maintenance  and  K..d  . 
Research  Program  and  a  draft  report  on  the  survey  was  oorple 
District  in  June  1985. 


O  o 


f.  Mr.  Schlaht's  presentation  at  the  stahilitv  we  rkshe':'  va  •  .  \  i 

survey.  He  discussed  the  way  the  survey  was  eon.  hie  red  .  t 1  r>-  -r.  n.  c 

survey,  and  the  conclusions  reached.  Tht  Cone  his  tots  a  -  •  :A  .•  •  .  dot 

of  the  draft  survey  report  are  provided  he  low.  Most  >•:  Mr .  fit 

ration  was  drawn  from  this  part  of  the  report.  File  :  <  r  :■  • 

duced  below)  has  been  modified  slightly  to  ..-it  ret  i  r..-:a  «>.  t  •  '  e  •- 
of  the  report. 


Cone  1  us i ons 


Criteria  References 


a.  In  the  course  o!  communicating  with  many  ol  the  *'<i.st  riot  ar-l 
Offices  during  this  survey,  it  has  been  sensed  that  there  i  - 
some  confusion,  but  also  d  is.sat  i  sfact  ion  involving  net :  oih  and 
able  criteria  for  the  stahilitv  of  concrete  structures  or,  rocs 
foundations. 


b.  Rome  of  the  confusion  may  come  from  the  fact  that  there  are  numerous 
references  within  the  Corps  of  Engineers  on  stability  criteria, 
depending  on  the  type  of  structure.  Other  sources  o:  con  mis  ion  nu v 
be  the  result  of  changes  made  in  the  criteria.  For  instance,  er.iv  it 
dam  design  stability  criteria  were  formerly  given,  in  EM  1  1  1 0- .  - .'o  ' 
in  1958,  then  modified  by  ETI.  1110-2-61  in  1969,  nodified  lurt’ier  by 
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FTL  1110-2-184  in  1974,  and  finally  modified  to  the  current  procedures 
by  ETI.  11  10-2-256  in  1981. 

c.  Some  incontinuity  has  also  evolved  by  the  changes.  The  last  change 
of  criteria  (ETL  1110-2-256)  in  1981  changed  the  method  and  required 
factor  of  safety  for  determining  the  sliding  stability  for  all  con¬ 
crete  structures  on  rock  foundations  and  left  the  designer  to  refer 
to  a  particular  previous  reference  for  other  criteria  such  as 
overturning . 

Overturning  Criteria 


d.  For  those  structures  which  were  found  to  be  inadequate  for  overturn¬ 
ing  criteria,  the  evidence  of  this  survey  which  includes  opinions 
from  various  other  Corps  offices  indicates  that  the  majority  of  the 
inadequacies  probably  are  the  result  of  more  conservative  uplift 
assumptions  used  for  the  reevaluation  as  compared  to  the  original 
analyses.  Most  uplift  assumptions  for  reevaJ uat ions  assumed  a 
straight-line  distribution  at  the  base  of  the  structure  varying  from 
full  headwater  to  full  tailwater  pressure  and  the  pressure  was 
assumed  to  be  acting  over  the  entire  area  of  the  structure  under  con¬ 
sideration.  Most  of  the  older  original  design  analyses  generally 
assumed  values  which  were  about  fifty  to  sixty-seven  percent  less 
than  the  reevaluation  assumptions. 

e.  Some  of  the  structures  which  were  found  to  be  inadequate  for  over¬ 
turning,  were  simply  the  result  of  using  a  higher  seismic  coefficient 
than  that  used  in  the  design.  For  one  of  these  structures,  a  wave 
force  with  a  magnitude  ten  times  greater  than  that  used  in  the  origi¬ 
nal  design  was  also  applied. 

Sliding  Criteria 


f.  For  the  structures  which  were  found  to  be  inadequate  for  sliding  cri¬ 
teria,  it  is  assumed  that  the  principal  reason  for  the  deficiency  is 
that  the  shear  strengths  used  in  the  reevaluations  were  substantially 
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below  those  used  in  the  original  design  assumptions  for  the  cases 
where  either  shear  friction  formula  or  limit  equilibrium  analyses 
were  computed.  It  is  noteworthy  that  for  two  projects,  the  lock  and 
spillway  structures  at  the  Troy  Lake  projects  and  the  lock  chamber 
walls  for  the  Lockport  Lock  project,  the  required  factors  of  safety 
were  lowered  when  using  lower  bound  strengths  and  raised,  in  the  case 
of  the  Lockport  Lock,  when  using  upper  bound  strengths.  Even  these 
changes  in  required  factor  of  safety  did  not  keep  these  projects  from 
being  deficient  in  sfiding  stability^. 

Recommendations 


g.  The  following  recommendations  are  made  with  the  objective  of  improv¬ 
ing  the  overall  system  of  stability  investigations  procedures  and 
criteria: 

(!)  Consider  combining  all  or  most  structural  stability  procedures 

and  criteria  into  one  reference  document  to  eliminate  confusion. 

(2)  Consider  additional  research  using  instrumentation  data  to 

determine  the  possibility  of  using  less  severe  uplift  assump¬ 
tions  for  reevaluation  analyses. 

(i)  Consider  changing  the  criteria  for  the  required  factor  of  safety 
to  allow  more  flexibility  for  variations  in  shear  strengths  and 
loading  conditions.  As  an  example,  it  may  be  desirable  under 
certain  circumstances  to  require  factors  of  safety  for  different 
shear  strength  assumptions  such  as  upper  bound  shear  strengths 
and  lower  bound  shear  strengths  fresidual)  similar  to  that  done 
at  the  Lockport  project.  Additionally,  consideration  should  be 
given  to  requiring  a  reduced  factor  of  safety  for  maximum  reser¬ 
voir  conditions  in  addition  to  the  factor  ol  safety  for  normal 


For  the  Troy  Project,  this  statement  is  based  on  the  stability  analysis 
conducted  bv  WES.  Shannon {Wilson ,  Inc.  later  performed  a  stability  analysis 
of  the  Troy  Project  and  their  conclusions  are  included  in  the  presentation 
hy  Mr.  Chris  droves  (page  lb). 
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or  usual  conditions  and  for  earthquake  or  extreme  loading  condi¬ 
tions.  Reduced  factors  of  safety  for  lower  shear  strengths  have 
been  used  at  the  Troy  Lake  project  and  the  Lockport  project. 
Also,  reduced  factors  of  safety  have  been  used  by  the  St.  Paul 
District  and  Pittsburgh  District. 

(4)  Consider  adding  more  discussion  on  the  selection  of  shear 
strengths  in  any  document  where  criteria  are  revised.  Included 
should  be  a  thorough  discussion  on  the  determination  of  shear 
strengths  accounting  for  the  effect  of  deformation  or  strain 
incompatibility;  type  of  testing;  geological  input  in  the  selec¬ 
tion  of  shear  strengths;  and  effect  of  the  confidence  in  the 
drilling,  sampling,  and  testing  programs  on  the  selection  of 
design  shear  strengths.  It  also  would  be  appropriate  to  stress 
the  importance  of  the  selection,  of  the  design  shear  strength  and 
to  adopt  a  selection  criteria  based  on  the  confidence  level  of 
the  testing  program. 

(5)  Consider  the  presentation  and  listing  of  computer  programs  which 
are  acceptable  for  analysis  of  structures  in  revised  stability 
criteria  documents. 


(6)  Consider  additional  research  of  other  owners  of  structures,  such 
as  the  Bureau  of  Reclamation  and  others,  to  determine  whether 
they  have  had  similar  problems  of  inadequacy  under  reevaluation 


processes . 
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STABILITY  ANALYSIS  01  TROY  LOCK  AND  DAM 

Carl  Pace 

Structures  Laboratory 

US  Army  Engineer  Waterways  Experiment  Station 

1.  Troy  Lock,  Dam,  and  Powerhouse  are  located  on  the  Hudson  River  in  upstate 
New  York  (Figure  1)  156  miles  from  New  York  Harbor.  Troy  Lock  and  Dam  allows 
entrance  to  the  New  York  Barge  Canal  which  connects  to  the  Great  Lakes.  This 
makes  Troy  Lock  and  Dam  an  important  link  for  shipping  and  pleasure  craft  in 
the  northeast. 

2.  Surface  concrete  of  Troy  Lock  and  Dam  is  in  a  deteriorated  condition  (Fig¬ 
ures  2,  3,  4,  and  5).  Because  of  this  deterioration,  the  New  York  District 
decided  in  1978  to  have  the  Structures  Laboratory  of  the  Waterways  Experiment 
Station  (WES)  evaluate  the  condition  of  Troy  Lock  and  Dam  and  determine  what 
rehabilitation  should  be  performed.  c 

3.  The  first  phase  of  the  study  consisted  of  a  condition  survey  where: 

(a)  cracks  were  mapped,  (b)  soniscope  and  impact  hammer  measurements  were 
taken,  (c)  construction  drawings  were  reviewed,  and  (d)  operation  and  main¬ 
tenance  problems  were  discussed.  From  the  first  phase  of  the  study,  it  was 
concluded  that  internal  cracking  in  the  lock  and  dam  was  structurally  insig¬ 
nificant  and  that  the  interior  concrete  was  probably  in  sound  condition. 

4.  The  second  phase  of  the  study  involved  a  coring  program,  testing  and 
evaluation  of  the  cores,  stability  analysis,  and  stress  analysis.  The  coring 
program  was  fairly  extensive  as  shown  in  Figure  6.  Both  horizontal  and  verti¬ 
cal  cores  were  obtained  from  the  lock  and  dam.  Vertical  cores  were  taken  in 
the  backfill  behind  the  landwall  to  obtain  samples  from  which  ar.  estimate  of 
the  horizontal  backfill  pressure  coefficients  could  be  obtained.  The  vertical 
core  which  was  taken  through  the  lock  and  dam  and  approximately  25  ft  into  the 
foundation  showed  that  the  foundation  material  was  very  uniform  with  steeply 
dipping  bedding  planes.  No  weak  planes  in  the  foundation  (which  could  cause 
stability  problems)  were  indicated. 
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5.  The  cores  from  the  concrete  were  used  to  obtain  profiles  of  depths  of 
deteriorated  concrete,  and  the  concrete  and  foundation  core  were  tested  to 
obtain  strength  data.  Direct  shear  tests  were  performed  on  the  concrete  and 
shale  core  which  were  located  at  or  near  the  structure-foundation  interface. 

6.  Soundings  were  taken  downstream  of  the  dam  to  determine  if  there  were  any 
scour  areas  which  would  affect  the  stability  of  the  dam  monoliths.  The  dam 
was  constructed  in  1915.  Figure  7  shows  that  downstream  strut  resistance  does 
not  exist.  Rock  anchors  extend  from  the  dam  monoliths  into  the  foundation  to 
help  stabilize  the  dam  and  were  assumed  in  the  stability  evaluation  to  add 
resistance  forces. 

7.  The  compressive  strength  of  the  foundation  material  was  found  to  be  weaker 
than  the  concrete  at  the  structure-foundation  interface.  The  unconfined  com¬ 
pressive  strength  of  the  foundation  material  was  only  900  psi  and  the  tensile 
strength  was  43  psi.  The  lock  and  dam  is  not  high  and  the  low  bearing  pres¬ 
sure  of  the  foundation  was  not  a  significant  problem.  The  compressive 
strength  of  the  foundation  core  Increases  substantially  with  confining 
pressure . 

8.  Conservative  values  of  <t  *  3DC  24’  and  c  =  0.04  ksf  were  used  in  the  sta¬ 
bility  analysis.  These  values  were  obtained  from  direct  shear  tests  on  cut 
surfaces  of  shale  and  concrete  close  to  the  structure-foundation  interface. 

If  the  interface  of  the  structure  and  foundation  (slaty  shale)  is  irregular 
and  seme  of  the  slaty  shale  material  has  to  be  sheared  for  the  structure  to 
slide,  the  <f  and  c  values  are  higher  than  those  used.  The  shear  strength 
parameters  for  the  slaty  shale  Is  4  *  42  to  50°  and  c  =  10  to  230  psi. 

9.  I  felt  more  comfortable  in  reducing  the  safety  factor  for  sliding  than  in 
increasing  the  if  and  c  parameters.  I  used  safety  factors  that  were  one  half 
of  those  stipulated  in  the  Corps'  engineering  manuals.  These  were  4  for  all 
case  loadings  on  existing  structures  without  earthquake  and  2-2/3  for  normal 
operation  with  earthquake. 

10.  There  were  several  reasons  why  I  used  conservative  values  for  if  and  c  and 
reduced  safety  factors.  In  general,  it  was  because  of  uncertainties  in  the 
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evaluation.  Some  of  these  uncertainties  are  discussed  in  the  following 
paragraphs. 

11.  The  irregularities  at  the  interface  of  the  structure  and  foundation  are 
not  known.  Even  though  the  coring  program  was  extensive,  the  core  holes  were 
too  far  apart  to  determine  with  any  degree  of  certainty  the  asperities  of  the 
Structure-foundation  interface.  It  would  have  been  too  expensive  to  expand 
the  coring  program  to  define  the  asperities  with  any  degree  of  certainty. 

12.  Secondly,  lock  and  dams  generally  vibrate  to  some  degree  due  to  the  pas¬ 
sage  of  water.  This  is  true  of  Troy  Dam  even  during  normal  operating  con¬ 
ditions.  In  fact,  when  I  was  in  the  gallery  of  the  dam,  it  seemed  to  be 
vibrating  so  badly  that  I  thought  for  a  minute  it  was  going  downstream.  I 
know  that  vibrations  are  not  usually  as  bad  as  they  seem  and  I  think  this  is 
true  at  Troy  Dam.  I  did  not  know  and  do  not  know  what  the  vibrations  mean  in 
relation  to  stability.  The  vibrations  which  I  experienced  were  during  normal 
operation;  in  times  of  ice  passing  over  the  dam  or  some  other  abnormal 
condition,  the  vibrations  could  be  more  severe. 

13.  I  do  know  something  about  how  vibrations  can  affect  the  sliding  stability 
of  a  concrete  block.  I  had  a  vibrator  mounted  on  the  top  of  a  28,000-lb  con¬ 
crete  block  sitting  on  a  concrete  floor.  Without  vibrations  it  took  10,000  lb 
of  static  load  to  slide  the  block.  With  the  vibrations  at  the  natural  fre¬ 
quency  of  the  block  a  static  load  of  only  250  lbs  moved  the  block.  The  vibra¬ 
tions  reduced  the  failure  load  by  a  factor  of  40.  Vibrations  at  a  dam  are  not 
likely  to  be  at  the  dam's  natural  frequency;  however,  they  do  not  have  to 
reduce  the  sliding  resistance  by  a  large  factor  to  cause  problems.  I  did  not 
know  then  and  do  not  know  now  what  effect  the  vibrations  may  have  on 

the  sliding  safety  factor  of  Troy  Lock  and  Dam. 

14.  Other  uncertainties  included  the  effects  of  eccentric  loading  on  shear 
resistance,  uplift  forces  on  the  structure,  and  backfill  pressures  on  the 
landside  lockwall.  Since  funds  were  not  available  to  investigate  all  these 
uncertainties,  I  used  conservative  shear  strengths  with  a  logical  reduction  in 
sliding  factor  of  safety. 
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15.  The  stability  analysis  indicated  that  some  landwall  monoliths  of  the  lock 
did  not  meet  the  criteria  for  overturning  and  a  lot  of  the  lock  and  dam  mono¬ 
liths  did  not  meet  the  sliding  stability  criteria.  Reaction  blocks  and 
posttensioning  were  designed  to  add  additional  stability  to  those  monoliths. 

16.  Reaction  blocks  were  chosen  to  add  additional  resistance  to  sliding 
because  they  do  not  stress  or  change  the  structure  in  any  way.  Posttensioning 
a  structure  could  cause  stress  concentrations  in  the  structure,  especially 
around  block-outs,  culverts,  or  other  areas  where  changes  in  geometry  exist. 

17.  In  my  report  to  the  New  York  District,  1  recommended  that  only  15  to 
20  percent  of  the  required  force  be  applied  in  the  post  tens ioning  strands 
which  were  designed  to  strengthen  the  monoliths  against  overturning.  This 
would  prevent  the  addition  of  large  loads  to  the  strands  and  the  structure  at 
times  when  they  are  not  needed.  A  slight  movement  of  the  structure  would  add 
the  necessary  loads  to  the  posttensioning  strands  to  prevent  overturning  of 
the  structure. 

18.  Even  though  I  designed  systems  to  add  stability  to  the  monoliths  at  Tn>' 
Lock  and  Dam,  I  believed  the  structure  to  be  stable  if  scour  holes  were 
filled.  This  was  only  a  belief;  therefore,  conventional  analysis  had  to  be 
followed.  I  would  like  to  have  had  sufficient  funds  to  research  uncertain¬ 
ties,  do  parameter  studies,  and  try  to  better  define  the  stability  of  Troy 
Lock  and  Dam. 
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Scot*  In  mil** 


Figure  1.  Geographical  location  of  Troy  Lock  and  Dam 


Figure  3:  Typical  view  of  filling  .and  emptying  culverts 
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REVIEW  OF  METHODS  OF  ANALYZING  THE 
STABILITY  OF  CONCRETE  STRUCTURES  ON  ROCK  FOUNDATIONS 


ADPGQ568S 


Chris  Groves 
Shannon  &  Wilson,  Inc. 


Summary 

Mr.  Groves  discussed  the  findings  and  conclusions  of  Shannon  &  Wilson, 


Inc.,  in  their  stability  evaluation  of  Troy  Lock  and  Dam.  He  used  slides  of 
some  of  the  photographs  and  plates  contained  in  their  report  "Instrumentation 
Performance  and  Stability  Evaluation,  Troy  Lock  and  Dam,"  August  21,  1985. 

The  following  paragraphs  are  from  the  report  transmittal  letter  to  the 


York  District: 


'This  report  presents  the  results  of  the  study  which  evaluates  the  physi¬ 
cal  parameters  that  significantly  affect  the  structure's  stability.  It  also 
Includes  the  instrumentation  and  testing  conducted  to  evaluate  these  parame¬ 
ters,  the  stability  analyses,  and  recommendations  which  were  developed  for 
corrective  measures. 

The  instrumentation  program  indicates  that  there  are  no  significant 
structural  movements  of  the  lock  and  dam,  and  that  the  uplift  pressures  along 
the  structures  are  linear  as  assumed  in  Corps  manuals  and  in  their  stability 
analyses.  We  have  determined  that  the  critical  failure  mode  for  sliding  is 
through  a  hypothetical  stress  relief  joint  which  is  assumed  to  run  completely 
across  the  structure  a  short  distance  into  the  foundation.  A  foundation  fric¬ 
tion  angle  of  45°  was  used  in  the  stability  analysis.  This  is  higher  than  the 
value  used  in  the  W.E.S.  analysis,  but  still  conservative  in  our  opinion.  In 
our  opinion,  the  analysis  confirms  that  the  lock  and  dam  have  adequate  factors 
of  safety  and  are  stable  for  all  loading  conditions  in  sliding  and  overturning 
with  one  exception.  The  exception  Is  the  section  containing  lock  Mono¬ 
liths  L-4  through  L-7  which  has  38  to  49  percent  of  its  base  in  compression 
during  static  loading  conditions,  whereas  100  percent  is  normally  required. 
Safety  factors  of  2.7  to  3.0  were  calculated  for  overturning.  In  addition, 
these  monoliths  have  a  low  (1.6)  overturning  safety  factor  during  earthquake 
loading. 

There  are  several  options  for  dealing  with  these  four  monoliths  includ¬ 
ing  1)  accept  them  as  they  are,  2)  conduct  additional  analyses,  and  3)  improve 
them  structurally  such  as  with  shallow  tiebacks.  We  recommend  that  an  assess¬ 
ment  be  made  of  these  options  along  with  cost  studies.  In  view  of  the  excel¬ 
lent  performance  of  the  structure,  the  risk  associated  with  Option  1)  may  be 
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acceptable.  If  the  cost  of  Option  3)  is  favorable,  the  installation  of  several 
tiebacks  may  put  the  matter  to  rest. 

The  report  also  includes  recommendations  for  repair  of  the  structures, 
suggestions  for  ongoing  monitoring  of  existing  instrumentation,  and  precau¬ 
tions  which  should  he  followed  during  the  repair  program." 

The  Conclusions  and  Recommendations  sections  of  the  Shannon  and  Wilson, 
Inc.  report  on  Troy  Lock  and  Dam  is  reproduced  below  for  ready  reference. 

CONCLUSIONS 


Considerations  for  Acceptable  Sta b i  lity  Criteria 

ETL  1110-2-256,  Sliding  Stability  for  Concrete  Structures,  dated  24  June 
1981  emphasizes  the  importance  of  selecting  the  appropriate  laboratory  test 
for  the  probable  mode  of  failure.  It  specifies  minimum  required  sliding  fac¬ 
tors  of  safety  of  2.0  and  1.3  lor  normal  static  loading  and  seismic  loading 
conditions,  respectively.  Tin-  same  values  were  used  by  WES  in  its  evaluation 
of  Troy  Lock  and  Dan;,  and  they  are  the  values  which  we  have  adopted.  Note 
that  ETL  1110-2-256  superseded  ETI.  1110-2-184,  Gravity  Dam  Lesign  Stability 
dated  25  February  1 9  ~  4  and,  it  is  assumed  the  minimum  sliding  factor  of  safety 
contained  in  ETL  1110-2-22  Design  of  Navigation  Lock  Gravity  Walls  dated 
19  April  1967  r.o  longer  applies.  The  latter  two  ETL's  had  minimum  required 
sliding  factors  of  safety  for  normal  static  loading  and  seismic  loading 
conditions  of  4.0  and  2.67,  respectively. 

Regarding  the  minimum  acceptable  percent  of  base  in  compression, 

ETL  1110-2-22  requires  75  percent  to r  both  the  normal  and  dewatered  operatitig 
conditions,  assuming  at-rest  earth  pressures.  When  considering  earthquake 
loading  along  with  normal  operating  conditions,  the  base  pressure  resultant 
must  remain  inside  the  base  and  the  allowable  foundation  pressures  must  not  be 
exceeded.  We  Lave  no  basis  for  suggesting  revisions  to  these  criteria. 

SI  id ing 


Based  cn  our  analyses,  the  minimum  factors  of  safety  for  sliding  of  the 
lock  walls  and  the  dam  monolith:-  based  on  the  available  data  are  as  follows: 

Factors  of  Safety 
Minimum 

Ease  Computed 

1  )  Normal  Operation 

Landside  Monolith  1 1.-'  through  1.-7) . 2.4 


Riverside  Monolith  O’- 36) . 2.7 

Dam  Mono  1  j  t h . 2.2 

2 )  Dewatered  Ease 

I.andside  Monolith  (I. -4  through  I.-7) . 2.2 

Upstream  Riverside  Monolith  (K-36) . 1.9 


3)  Normal  Operation  A  i'semli  -.ci.itic  Earthquake 

I.andside  Monolith  (1.-20) . 

Riverside  Monolith  (R-it>  and  R -50) 

Dam  Monol i th  . 


2.0 
2.  1 

1.8 


3  7 


4)  Dewatered  Case  &  Pseudo-Static  Earthquake 


Landside  Monolith  (L-4  through  L-7) . 1.8 

Riverside  Monolith  (R— 36 ) . 1.8 


These  factors  of  safety  have  been  computed  assuming  that  a  horizontal 
stress-relief  crack  exists  below  the  base  of  each  of  the  monoliths.  The  shear 
strength  of  this  discontinuity  is  based  on  a  combination  of  mineral  friction 
and  asperity,  neglecting  cohesion.  Our  selected  peak  friction  angle  is 
50  degrees,  and  published  data  from  in  situ  tests  indicate  shear  strengths 
higher  than  the  adopted  value  of  45  degrees  are  highly  likely.  The  piezome¬ 
ters  confirmed  that  such  relief  cracks,  if  present,  do  not  transmit  high 
hydrostatic  pressures  beneath  the  structure.  Assuming  this  failure  mode  the 
resulting  factors  of  safety  are,  in  our  opinion,  conservative,  and  generally 
acceptable . 


Overturning 


The  Overturning  analysis  utilized  the  method  shown  on  Plate  40,  and 
consistent  with  the  methods  of  analysis  which  define  factor  of  safety  as 
ratio  of  available  soil  and  rock  strengths  to  the  utilized  soil  and  rock 
strengths.  Development  of  the  strength  of  the  backfill  and  friction  on  t 
back  of  the  wall  was  included  in  the  analysis.  The  factor  of  safety  as 
defined  above  the  percent  of  base  in  compression  are  summarized  below  for 
worst  cases.  Note  the  first  entry,  for  example.  While  the  percent  of  ba 
compression  in  only  49  percent,  there  is  a  factor  of  safety  of  3.0  agains 
exceeding  the  allowable  foundation  bearing  pressure. 


i  s 
the 

lie 

the 
se  in 
t 


Condition 


Factor  of  Safety 
Available  Soil  &  Rock  Strength 
Utilized  Soil  &  Reck  Strength 


Percent  of 
Base  In 
Compression 


Actual 


Actual 


Normal  Operation 

Landside  Monolith  (L-4  through  L-7'  3.0 
Riverside  Monolith  (R-36)  9.0 
Dam  Monolith  43.9 


49 

75 

100 


Dewatered  Case 

Landside  Monolith  (L-4  through  L-7)  3.7 

Riverside  Monolith  (R-36)  n.8 

Normal  Operation  &  Pseudo-Static 
Earthquake 

Landside  Konolith  (L-4  -  L-7)  1.7 

Riverside  Konolith  (P-36)  4.8 

Dam  Monolith  48.3 

Dewatered  Case  &  Pseudo-Static 
Earthquake 

Landside  Monolith  (L-4  -  L-7)  1.6 

Riverside  Monolith  (R-36)  3.4 


38 

50 


13 

38 

100 


20 

29 
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A. 


The  percent  of  base  in  compression  listed  above  is  based  on  at-rest 
pressures.  It  is  not  possible  to  verify  these  calculations  with  field 
measurements,  but  in  our  opinion  they  are  conservative. 

The  lowest  factor  of  safety  shown  above,  i.e.,  1.6,  was  computed  on 
landside  lock  Monoliths  I.-4  through  I.-7.  It  should  be  noted,  Monoliths  1.-4 
through  1.-7  have  much  smalier  base  widths  than  adjacent  monoliths,  refer  to 
Plate  13,  resulting  in  botli  smaller  than  acceptable  percent  of  base  ir,  com¬ 
pression  and  factor  of  safety.  In  our  opinion,  factors  of  safety  and  percent 
of  base  in  compression  are  adequate  in  all  other  instances  for  the  lock  and 
dam  monoliths.  However,  it  should  be  noted  that  riverside  Monolith  P-36  has 
50  percent  of  its  base  in  compression  for  the  dewatered  case  with  a  factor  of 
safety  of  6.8  on  bearing  capacity.  Since  there  is  no  uncertainty  regarding 
loads  in  this  case,  and  since  performance  has  been  favorable,  we  consider 
Monolith  R-36  to  be  adequate. 

It  appears  that  there  was  a  design  change  for  Monoliths  k-4  through  L-7, 
probably  to  reduce  the  amount  of  rock  excavation.  However,  the  reason  was  not 
documented  in  the  construction  records.  Rock  anchors  may  have  been  installed 
in  these  monoliths  to  improve  stability,  but  there  appears  to  he  no  practical 
way  to  verify  the  number  and  capacity  of  such  anchors,  should  they  exist.  It 
may  lie  possible  to  locate  such  anchors  using  ground  penetrating  radar.  This 
method  has  not  been  evaluated. 

The  stability  cf  Monoliths  L-4  through  1.-7  is  particularly  in  cuestion 
under  earthquake  loads.  However,  the  perf ormance  history  of  the  structure  lias 
been  excellent  and  adds  nothing  to  these  concerns.  The  options  at  this  point 
include  1)  doing  nothing  and  accepting  the  apparent  small  amount  of  base  in 
contact,  2)  conducting  additional  analyses,  or  3)  providing  structural  means 
of  improving  the  stability.  Additional  analysis  could  include  evaluating  the 
side  shear  between  monoliths  as  a  group  or  evaluating  the  adhesion  on  the 
vertical  concrete-rock  interface  behind  the  landside  lock  wall.  These  factors 
are  normally  not  considered  in  the  stability  analysis  of  monoliths,  but  may 
make  a  significant  contribution  to  stability.  Structural  means  of  improving 
stability  could  include  rock  anchors,  shallow  tiehacks  to  concrete  deadrr.en,  or 
underpinning  the  structure  to  increase  the  base  width  and  embedment  into  rock. 

RECOMMENPAT I  ON'S 

Continued  Monitoring 

Monitoring  of  the  instruments  should  be  continued  at  monthly  intervals 
for  a  period  of  at  least  several  years  in  order  to  develop  long  term  data  on 
the  response  of  the  instruments  over  the  various  loading  conditions  and  tem¬ 
perature  extremes.  As  a  minimum,  the  monitoring  should  continue  until  one 
year  after  the  concrete  repairs  are  completed.  The  Instrument  data  should  be 
plotted  and  reviewed  quarterly  by  an  engineer  knowledgeable  in  dam  design, 
instrumentation  ard  the  lock  performance  history.  Limit  values  for  each 
instrument  should  be  established  and  the  field  personnel  taking  and  reducing 
the  data  should  notify  the  responsible  engineer  immediately  if  the  limit 
values  are  exceeded. 

Evaluation  of  Options 

Ive  recommend  that  parametric  and  cost  studies  be  conducted  to  determine 
if  additional  studies,  as  discussed  in  Section  8.3,  of  the  landside  Mono¬ 
liths  I. -4  through  L-7  are  likely  to  produce  acceptable  results.  The  relative 
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ousts  of  deep  and  shallow  tieback  schemes  should  also  be  determined.  11  these 
studies  indicate  that  the  cost  of  a  tieback  solution  is  relatively  small,  we 
would  recommend  the  installation  of  a  tieback  anchor  system  on  landside  Mono¬ 
liths  1.-4  through  L-7;  this  may  also  he  accomplished  on  several  other  monolith 
structures,  depending  on  the  factor  of  safetv  and  the  percentage  of  base  in 
compression  established  by  the  COE  as  the  governing  criteria. 

rill  Foundation  Voids 


Undercutting  of  the  dam  monoliths  has  been  identified  at  three  locations. 
The  voids  created  at  these  locations  should  he  filled  witii  concrete  to  prevent 
further  deterioration  of  the  foundation  under  the  dam. 

Precautions 


Sealing  of  the  monolith  construction  joints  could  result  in  the  blocking 
of  natural  drainage  paths,  resulting  in  higher  hydrostatic  pressures  behind 
the  landside  lock  monolith.  If  these  repairs  are  made,  it  is  our  recommenda¬ 
tion  that  one-way  drains  be  installed  through  the  lock  monolith  to  drain  the 
water  level  in  the  granular  backfill. 

Wasting  to  remove  the  deteriorated  concrete  could  result  in  an  increase 
in  t lie  latera^  soil  pressures  acting  on  the  landside  monoliths.  Measures 
should  he  taken  to  control  blasting  to  minimize  accelerations  of  the  structure 
and  backfill  which  could  result  in  increased  soil  pressures. 

Additional  instrumentation  should  be  installed  and  monitored  prior  to  and 
during  the  blasting  to  measure  wall  movements  anu  rotation  during  the  blasting 
operat ions . 


Methods  of  analyzing  the  stability  of  concrete  structures  on  rock  foundations 
are  summarized  in  a  report  prepared  by  Shannon  &  Wilson,  Inc.  under  REMR  Pro¬ 
gram,  Contract  .Vo.  DACW  J9-85-M-4 1 83 .  The  report  is  titled,  "Review  of  Methods 
of  Analyzing  the  Stability  of  Concrete  Structures  on  Rock  Foundations,"  and  is 
included  in  these  proceedings  as  Appendix  A. 
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TVA  ASSESSMENT  OF  STAB  II.  I  TV  OF  CONCRETE 
STRL'CTOKES  ON  ROCK 


Harold  Butt  rev 


ED?  0  0  56  80 


Hubert  Deal ,  Jr. 
Tennessee  Valiev  Authority 


1.  The  Tennessee  Valley  Authority  (TVA)  is  ar  independent  agency  o;  the  fed¬ 
eral  government  created  by  ACT  of  Congress  in  May  1933.  M  is  a  corporation 
clothed  with  the  power  of  government  hut  possessed  with  the  flexibility  and 
initiative  of  a  private  enterprise.  't  is  charged  by  the  TVA  Act  with  the 
duty  of  planning  for  the  proper  use.  conservation  and  development  oi  the  natu¬ 
ral  resources  of  the  Tennessee  River  drainage  basin.  \TVA  serves  an  area  in 
the  southeast  made  up  of  parts  of  seven  states:  Ttrres^e,  Alabama,  Missis¬ 
sippi,  Kentucky,  Virginia,  North  Carolina,  and  Ceorgia  (Entire  i).  The  ’egis- 
lation  which  created  TVA  directs  the  agency  to  regulate  the  stream  flow  oi  the 
Tennessee  River  system  in  the  operation  of  its  dans  and  reservoirs  primarily 
for  controlling  floods,  and  promoting  navigation  and  so  far  as  may  be  consis¬ 
tent  with  these  purposes  to  generate  hydroelectric  power.  TVA  also  has  the 
authority  to  take  recreation  into  accourt  in  operating  its  reservoirs  to  the 
extent  that  it  is  rot  inconsistent  with  their  operation  for  flood  control, 
navigation,  and  electric  power  generation.  TVA  owns  a  total  of  53  cams  most 
of  which  have  been  designed,  constructed,  and  are  operated  by  the  Agenrv, 

They  include  concrete  gravity,  eatthiili,  and  rockfil!  bams  or  combinations  of 
these  typos.  They  vary  in  height  f rc.m  a  few  feet  lor  some  of  the  earthla.,1 
dams  te  480  feet  for  the  Fontana  Dam,  a  concrete  gravity  structure.  Figure  2 
proxies  some  facts  about  major  TVA  dams  and  reservoirs. 

2.  TVA  has  essentially  completed  the  ueve lopmer.t  of  the  major  hydro  sites  in 
the  Tennessee  River  basin,  and  thus  has  not  designed  any  new  dams  since  the 
mid-1970s.  Consequently,  the  hydro  design  unit  has  decreased  considerably  in 
number  of  persornel  since  the  earlier  days  of  TVA. 

3.  The  present  hydro  effort  at  TVA  consist  ot  a  continuing  inspection  and 
maintenance  program  and  ar.  evaluation  and  modification  as  needed  of  some  21  of 
our  dams  in  compliance  with  the  Federal  Guidelines  for  Dam  Safety.  Therefore, 
our  interest  in  their  assessment  of  the  stability  of  concrete  structures  on 
rock  would  he  in  support  of  these  efforts. 
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FIGURE  I.  -  TVA  SYSTEM 


FACTS  ABOUT  MAJOR  TV  A  DAMS 
AND  RESERVOIRS 
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(feet) 

Feet 

(ml) 

(acres) 

tml) 

Mia. 

Cats 

EJer. 

Storage 

Started 
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lions He) 

of  Unlla  () 

Kentucky* 

206 

8,42 2 

184 

160,300 

2,380 

354 

375 

6,129,000 

4,008.000 

1938 

1944 

5119 

175.000(5) 

Pickwick  Landing* 

113 

7,-t  1 5 

53 

43,100 

496 

408 

418 

1,105.000 

4)7,000 

1934 

1938 

210 

220,040(6) 

Wilson  (d)* 

137 

4,541 

16 

15.500 

154 

505 

508 

640,200 

53.200 

1918 

1924 

119 

629,840(21) 

Wheeler* 

n 

6.342 

'4 

67.100 

1,063 

550 

556 

1,071.000 

351.000 

1933 

1936 

89 

361,800(11) 

GuntersviUe* 

94 

3,9~9 

'6 

67,900 

949 

593 

595 

1,052.000 

172.300 

lv35 

1939 

54 

115,200 

Nickajack  (c)* 

81 

3,767 

46 

10,370 

192 

632 

635 

252,400 

32,300 

1964 

1967 

71 

103.950(4) 

Chickamauga* 

129 

5.800 

59 

35,400 

810 

675 

685 

739,000 

347.000 

1936 

1940 

40 

120.000(4) 

Watts  Bar* 

112 

2.960 

96 

39.000 

7-1 

735 

'45 

1,175,000 

379,000 

1939 

1942 

35 

166,500 

Fort  Loudoun* 

122 

4.190 

61 

14, too 

360 

807 

815 

393,000 

111,000 

1940 

1943 

41 

139,140 

Tributary 

Projects 

Normandy 

110 

2,734 

17 

3.160 

73 

859 

880 

127,000 

60,400 

1972 

1976 

37.4 

Columbia  (b) 

105 

2.325 

54 

12.400 

2'6 

603 

635 

363.000 

283,000 

1973 

(1986) 

— 

— 

Tims  Ford 

1 '5 

1,4.54 

34 

10.600 

246 

865 

895 

608.000 

282.600 

1966 

1970 

52 

45,000(1) 

Apaiachil 

150 

1,308 

10 

1.100 

3! 

1.272 

1,280 

57.800 

8.800 

1941 

1943 

24 

82,800(2) 

Hi  w,  asset 

307 

1.376 

22 

6.090 

163 

1.450 

1.527 

434.000 

306,000 

1936 

1940 

23 

117,100(2) 

Chaiuge 

144 

2,850 

13 

'.050 

132 

1.905 

1.928 

240,500 

122,500 

1941 

1942 

9 

10.000(1) 

Ocoee  No.  1  (d) 

135 

840 

8 

1.880 

47 

818 

838 

84.400 

31,400 

1910 

1911 

10 

18.000(5) 

Ocoee  No.  2  (d) 

30 

450 

— 

— 

- 

— 

1.115 

— 

— 

1912 

1913 

29(0 

21,000(2) 

Ocoee  No.  3 

1 10 

612 

7 

460 

24 

1.413 

1,435 

3.300 

3.080 

1941 

1942 

9 

28,800(1) 

Blue  Ridge  (d) 

167 

I.CO0 

11 

3,290 

65 

1.590 

1.691 

195,900 

183.900 

1925 

1930 

5 

20,000(1) 

Nottely 

184 

2.300 

20 

4.180 

106 

1.735 

1,780 

174.300 

117,100 

1941 

1942 

8 

15,000(1) 

Melton  Mill* 

103 

1,020 

44 

5,690 

173 

790 

796 

126.000 

31.900 

1960 

1963 

38 

72,000(2) 

Norris 

265 

1.860 

129 

34.200 

800 

960 

1,034 

2,552.000 

1.922.000 

1933 

1936 

32 

100,800(2) 

Tellico* 

129 

3.238 

33 

1 5.8-60 

373 

807 

815 

447.300 

126.000 

1967 

1979 

137 

(a) 

Fontana 

480 

2.168 

29 

10,640 

248 

1.580 

1,710 

1,443,000 

946.000 

1942 

1944 

77 

238,500(3) 

Douglas 

202 

l.'OJ 

43 

30.400 

555 

940 

1,002 

1.47J.000 

1.252,000 

1942 

1943 

45 

120,600(4) 

Cherokee 

1  '5 

6.-60 

54 

30.300 

393 

1.020 

1,075 

1.541,000 

1,148.000 

1940 

1941 

36 

135,180(4) 

Fort 

Patrick  Henry 

95 

-37 

10 

672 

37 

1,258 

1.263 

26,900 

4.200 

1951 

1953 

12 

36,000(2) 

Boone 

IN) 

1.572 

33 

4.310 

130 

1.330 

1,385 

193,500 

148,500 

1950 

1952 

27 

75,000(3) 

South  Holston 

2*5 

I.NO 

24 

7. 'SO 

168 

1,675 

1.742 

764.000 

438.000 

1947 

1950 

31 

35,000(1) 

Watauga 

318 

vOO 

16 

6.4)0 

106 

1,915 

1.975 

677,000 

354.000 

1946 

1948 

32 

57,600(2) 

Grea'  Falls  Id) 

(in  Cumberland 
Valley) 

92 

800 

22 

2.110 

20 

780 

805 

50.200 

35.700 

1915 

1916 

II 

31,860(2) 

Wilbur 

77 

3'5 

2 

72 

4 

1,645 

1 ,650 

715 

327 

— 

1912 

3 

10.700 

Nolichucky 

94 

462 

— 

383 

26 

1238  9 

1240.9 

2.070 

— 

— 

1913 

1.5 

— 

Pumped 

Storage 

Raccoon  Mountain  230  8.500  —  528  —  1,530 


38,180 


36,340  1970  (1978)  (334)  1,530.000(4) 


finals 


652,885  11.431 


24.181,665  13.712.547 


•All  main  river  dams  and  Melton  Hill  Dam  are  equipped  with  locks.  A  canal  provides  traffic  access  to  Tellico  Lake. 

(a)  Tellico  project  has  no  powerhouse  Streamflow  through  navigable  channel  to  Fort  Loudoun  Reservoir  will  increase  average  annual  energy  through 
Fort  Loudoun  powerhouse  by  200  million  kWh. 

(b)  Under  construction.  Limited  construction  work  at  Columbia. 

(c)  Nickajack  Dam  replaced  the  old  Hales  Bar  Dam  6  miles  upstream. 

(d)  Acquired;  Wilson  by  transfer  from  U  S.  Corps  of  Engineers  in  1933;  Ocoee  No.  I,  Ocoee  No.  2.  Blue  Ridge,  and  Great  Falls  by  purchase  from  TEP 
Co.  in  1939.  Subsequent  to  acquisition,  TV'A  heightened  and  installed  additional  units  at  Wilson. 

(e)  Cost  of  original  construction  plus  major  additions  or  rehabilitation. 

(f)  Includes  cost  of  rehabilitation  begun  in  January  1980. 
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.  U'e  have  particular  interest  in  the  change  i  r.  the  strength  parameters  with 
time  in  such  areas  as  the  rock-cone i ete  contact,  construction  joints,  and  on 
ary  rock  seams,  bedding  planes,  etc.  Methods  to  assess  or  estimate  the  change 
in  strength  parameters  with  time  are  also  of  primary  interest. 

5.  Since  the  mid-1960s  at  TVA  we  have  used  the  maximum  probable  flood  (Mb!) 
as  the  design  flood  and  the  probable  maximum  flood  (TMKj  to  set  can  freeboard 
and  spillway  containment  wall  heights.  Also  the  operating  basis  earthquake 
and  the  maximum  credible  earthquake  fM('K)  have  beer,  developed  for  each  site 
since  that  t  ime . 

TVA  Assessment  oi  liability  of  Concrete  Structures  on  Rock 
Overturning  Criteria 


6.  TVA's  overturning  criteiia  appears  to  he  the  same  us  that  of  most  other 
organisations  and  has  not  changed  to  any  significant  degree  in  recent  years. 

U'e  are  using  the  same  criteria  in  our  dan.  safety  reeva  1  ua t ions  that  was  used 
for  most  of  our  origin? 1  designs,  that  is: 

a.  The  resultant  of  a  1 1  forces  acting  above  any  horizontal  plane  through 
a  dar  should  fall  within  the  middle  third  cl  that  plane  for  normal 
loading  conditions  (Figure  3). 

b.  For  the  opeiating  basis  earthquake  (OBE)  combined  with  other  forces, 
the  resultant  of  all  forces  shall  fall  such  that  at  least  one-half  of 
the  base  is  in  compression ,  assuming  iic  tension  (Figure  4). 

c.  For  extreme  loading  conditions  such  as  the  probable  maximum  flood  and 
the  maximum  credible  earthquake  the  resultant  ol  all  forces  shall  fall 
within  tlie  base.  if  the  resultant  falls  outside  the  base  for  the  MCE 
and  i t  ether  methods  of  analysis,  such  as  the  energy  methods,  indicate 
that  the  structure  will  rot  overturn  during  these  extreme  loadings, 
then  the  structure  is  considered  adequate  for  these  loadings. 

Base  Stress  Criteria 


7.  Compression  on  the  tock  foundation  shall  not  exceed  IOC  psi.  U'here  i oun- 
dation  exploration  and  excavation  reveal  areas  of  weakness  in  the  foundation, 
modification  to  the  500  psi  may  be  required.  Compression  in  the  concrete 

shall  not  exceed  0.25  f'. 

c 


NORMAL  LOADING -DAM 

RESULTANT  OF  ALL  LOADS  (R)  TO  INTERSECT  ANY 
BASE  WITHIN  MIDDLE  THIRD  OF  THAT  BASE 


FIGURE  3 
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OPERATING  BASIS  EARTHQUAKE 
COMBINED  WITH  NORMAL  LOADS 


RESULTANT  OF  ALL  LOADS  TO  INTERSECT  ANY 
BASE  WITHIN  MIDDLE  HALF  OF  BASE 


8.  No  tension  is  permitted  on  any  base  being  analyzed  except  for  the  follow¬ 
ing  loading  conditions  and  is  as  given  below: 

a.  Dead  load  only  -  15  psi  (Figure  5). 

b.  Horizontal  loads  acting  in  two  directions,  producing  tension  in  one 
corner  of  the  base  -  15  psi  (Figure  5). 

c.  For  normal  loadings  combined  with  volume  change  or  loads  due  to  the 
maximum  probable  flood  conditions  stresses  may  be  increased  by  25  per¬ 
cent.  For  normal  loadings  combined  with  the  design  earthquake, 
stresses  may  be  increased  by  50  percent. 

Uplift  Criteria  -  Dams 

9.  For  most  of  TVA's  dams  on  rock  foundation,  means  for  measuring  uplift 
pressures  were  installed  during  initial  construction  or  have  been  added  later. 
Most  of  TVA's  dams  have  a  line  of  foundation  drains  located  a  short  distance 
downstream  of  the  upstream  face.  In  the  earlier  days  of  TVA  various  assump¬ 
tions  were  used  for  uplift,  such  as  uplift  being  from  headwater  at  the 
upstream  edge  of  the  base  being  analyzed  to  tailwater  at  the  downstream  edge 
of  the  base  acting  over  two-thirds  of  the  base  area.  This  assumption  was 
modified  on  occasion  for  what  was  considered  to  be  site-specific  conditions. 
Monitoring  of  the  uplift  measuring  devices  and  foundation  drains  led  to  uplift 
assumptions  we  use  today  and  have  used  for  several  years. 

10.  These  assumptions  are: 

a.  Uplift  acts  over  100  percent  of  base  area. 

b.  When  the  base  being  analyzed  is  below  minimum  tailwater  elevation, 
the  intensities  of  pressure  for  any  plane  shall  be  assumed  to  be 
equal  to  full  reservoir  head  (H)  at  the  upstream  face,  tailwater  (T) 
at  the  downstream  face,  and  T  +  0.25  (H-T)  at  the  line  of  drains. 

c.  When  the  base  being  analyzed  is  above  minimum  tailwater  elevation  and 
where  the  assumed  plane  of  analysis  is  all  or  partially  in  rock, 
intensities  shall  be  assumed  to  be  equal  to  H  at  the  upstream  face, 
zero  at  the  downstream  face,  and  H/2  at  the  line  of  drains.  Where 
the  plane  of  analysis  is  through  the  concrete,  intensities  shall  be 
in  b,  above. 


47 
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ALLOWABLE  BASE  TENSION 


15  PSI 
TENSION 


DEAD  LOAD  CASE 


15  PSI 
TENSION 


HORIZONTAL  LOADS  ACTING  IN  MORE  THAN 
ONE  DIRECTION  -  PRODUCING*  TENSION  IN 
ONE  CORNER  OF  BASE 


FIGURE  5 


\ 


d.  Where  there  are  no  drains,  uplift  is  considered  to  vary  in  a  straight 
line  from  headwater  at  the  upstream  face  of  the  dam  to  tailwater  at 
the  downstream  face. 

Uplift  Criteria  -  Locks 

11.  Where  a  lock  wall  is  subjected  to  a  differential  head,  the  higher  head  is 
designated  as  H  and  the  lower  head  as  T  (Figure  6.).  The  intensity  of  uplift 
on  any  base  shall  be  assumed  equal  to  T  +  2/3  (H-T)  at  the  higher  head  side 
and  equal  to  T  at  the  lower  head  side.  Where  a  plane  cuts  through  a  lock  wall 
culvert  with  a  head  H  in  the  culvert,  the  intensity  shall  be  taken  equal  to 
full  head  H  from  the  inside  face  of  the  lock  wall  and  extending  across  the 
culvert  opening.  From  this  point,  the  intensity  varies  uniformly  to  tailwater. 

12.  For  blocks  serving  as  part  of  the  dam,  the  uplift  intensity  is  assumed 
equal  to  H  at  the  higher  head  side  and  equal  to  T  at  the  lower  head  side. 

13.  Uplift  pressure  on  navigation  locks  is  assumed  to  act  over  100  percent  at 
the  base  area. 


Uplifting  Criteria 

14.  An  extensive  geologic  exploration  program  was  carried  out  on  the  founda¬ 
tion  of  all  dams  TVA  has  designed  and  constructed  on  a  rock  foundation.  Even 
though  this  program  identified  weaknesses  in  the  rock  such  as  weathered  bedding 
planes,  seams,  etc.,  that  could  affect  stability  analysis,  in  only  a  few  cases 
has  TVA  attempted  to  take  core  samples  and  test  these  weaknesses  to  define 
strength  parameters.  As  such,  the  parameters  used  for  intact  rock  are  consid¬ 
ered  to  be  conservative  and  in  reality  in  most  cases  have  been  overly  conser¬ 
vative.  However,  for  probable  weak  seams  the  assumptions  may  not  have  always 
been  conservative. 

15.  TVA  still  uses  the  shear  friction  method  for  determining  resistance  to 

sliding  for  structures  on  a  rock  foundation.  We  are  familiar  with  the  limit 

equilibrium  method  but  have  not  used  it  to  the  extent  as  outlined  in  the  Corps 
publications.  Unless  the  exploration  program  indicates  a  need  to  establish 
more  precise  values,  we  have  used  0.65  for  tan  £  and  250  psi  for  the  unit 
shear  strength  in  the  rock  foundation  and  at  the  rock-concrete  contact  and 
400  psi  for  concrete.  We  require  the  factor  of  safety  to  be  at  least  four 
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using  this  method.  For  the  dams  we  have  designed  since  the  early  1960s,  we 
have  taken  into  account  any  passive  wedge  where  the  exploration  indicates  the 
quality  of  rock  appears  to  support  this  judgment.  Where  used,  this  has  been  a 
judgment  decision  not  based  on  test.  We  have  not  attempted  to  anchor  an 
otherwise  questionable  wedge  to  sounder  rock  in  order  to  provide  for  passive 
support . 

16.  TVA  has  the  facilities  to  extract  and  test  rock  cores  to  determine 
strength  parameters  of  any  weak  areas,  and  in  the  past  has  tested  NX-size 
cores  taken  from  shale  layers  and  3.0-foot-diameter  calyx  cores  drilled  from 
the  foundation  of  a  damsite  co  check  the  strength  of  weak  seams.  In  our 
safety  analysis  of  our  dams,  if  it  proved  economically  advantageous  to  go  to 
the  expense  of  testing  weak  areas  of  a  foundation  and  analyze  by  the  limit 
equilibrium  method,  and  allow  a  lower  factor  of  safety,  we  would  do  so. 


Special  Case  -  The  Tims  Ford  Dam 


17.  The  Tims  Ford  Dam  is  a  rockfill  dam  with  a  sloping  impervious  core  that 
was  designed  and  constructed  by  TVA  in  the  mid-1960s  in  Middle  Tennessee.  It 
is  approximately  1,580  feet  long  and  175  feet  high.  Original  plans  called  for 
a  conventional  concrete  gravity  dam,  ogee  spillway,  intake,  and  powerhouse. 
After  construction  began,  a  program  of  foundation  exploration  consisting  of 
extensive  core  hole  drilling  and  several  36-Inch-diameter  calyx  drill  core 
holes  was  initiated.  It  was  found  that  what  initially  appeared  to  be  bedding 
planes  between  shale  and  limestone  layers  were  continuous  weak  seams  of  decom¬ 
posed  shale  (Figure  7) .  The  presence  of  the  weak  seams  and  the  fact  that  they 
daylighted  downstream  gave  concern  as  to  whether  they  would  have  sufficient 
shear  strength  to  resist  sliding  in  the  foundation  when  the  concrete  dam  was 
loaded,  A  program  was  developed  and  initiated  to  perform  shear  strength  tests 
of  the  weak  seams  by  removing  and  testing  36-Inch-diameter  cores  drilled  from 
the  foundation.  As  a  result  of  these  tests  it  was  determined  that  the  shear 
strength  of  the  foundation  was  too  low  to  provide  an  adequate  factor  of  safety 
against  sliding  to  ensure  the  safety  of  the  concrete  structures.  Therefore, 
the  decision  was  made  to  abandon  plans  for  a  concrete  gravity  dam  and  to 
provide  a  compacted  rockfill  dam  with  sloping  impervious  core  instead. 
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18.  The  results  of  the  testing  program  led  to  the  conclusion  that  the  sta¬ 
bility  analysis  of  the  dam  should  be  done  for  two  sets  of  strength  parameters 
for  the  weak  seams.  They  were  £  *=  20  degrees  and  cohesion  of  600  psi  and 
=  25  degrees  and  cohesion  of  0  psi.  A  $  of  20  and  cohesion  of  600  psi 
proved  to  be  the  controlling  strength. 


BUREAU  OF  RECLAMATION  CURRENT  PRACTICES 
OF  CONCRETE  STRUCTURES  ON  ROCK  FOUNDATIONS 


Howard  Boggs 
Bureau  of  Reclamation 

Introduction 

1.  '"'The  Bureau  is  currently  in  the  process  of  rewriting  criteria  and  preparing 
design  standards  and  guidelines  for  concrete  dams.  The  large  thick  books. 
Design  of  Arch  Dams,  Design  of  Gravity  Dams,  and  Design  of  Small  Dams,  are  to 
become  Design  Standards.  We  are  going  to  put  out  a  standard  for  everything. 

2.  The  Bureau  and  others  have  similar  criteria  for  retaining  walls,  that  is, 
a  safety  factor  of  1-1/2.  The  training  walls  and  channel  floor  are  all  self- 
contained.  So  far  as  concrete  structures  are  concerned,  the  following  comments 
will  address  mainly  concrete  dams.  The  Bureau  has  about  55  concrete  dams  of 
which  28  are  arch. 
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3.  For  concrete  dams,  we  have  basically  four  types  of  structures,  arch  or 
gravity,  and  new  or  existing  structures.  The  criteria  differs  somewhat  for 
each  one.  An  extensive  discussion  will  not  be  presented  about  United  States 
Bureau  of  Reclamation  (USBR)  arch  dams  except  to  show  their  influence  on  the 
design  and  analyses  of  gravity  dams  using  those  concepts.  From  the  structural 
analysis  of  arch  dams,  the  designer  becomes  very  cognizant  of  three- 
dimensional,  homogeneous,  isotropic  structures.  This  awareness  is  carried 
over  to  the  gravity  dam  design.  Concrete  blocksVre  all  uniformly  cooled  from 
base  to  crest,  keys  are  formed  during  construction  between  the  contraction 
joints,  and  ultimately  all  of  the  contraction  joints  are  grouted.  A  similar 
concept  applies  to  gravity  dams  also.  With  gravity  d^ms,  the  primary  interest 

V 

is  in  sliding  using  the  sliding  friction  method  which  vis  the  resistance  divided 

by  the  driving  force  to  define  the  safety  factor.  In  arch  dam  analysis,  we  are 

•  \ 

primarily  interested  in  stresses. 

4.  Safety  factors  for  both  stress  and  sliding  stability  arch  and  gravity 
structures  are:  (a)  3.0  for  the  usual  loading  combination  which  includes 
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mainly  the  reservoir  operation  with  gravity  and  temperature,  and  which  occurs 

about  96  percent  of  the  time,  (b)  a  safety  factor  of  2.0  for  the  unusual  or 

flood  condition  with  gravity  and  temperature  which  occurs  about  4  percent  of 

the  time,  and  (3)  a  safety  factor  of  greater  than  1  for  the  earthquake  or 

extreme  condition  which  is  the  rest  of  the  time.  For  allowable  stresses,  the 

2  2 

maximum  stress  for  the  usual  condition  is  1,500  Ib/in  ,  2,250  lb/in  for  the 
flood  loading  and  less  than  the  concrete  strength  for  the  extreme  loading. 

5.  Currently  in  the  USBR,  foundation  analyses  include  the  sliding  friction 
(or  the  Coulomb  equation)  and  applicability  of  the  passive  wedge  analyses. 
Suggested  safety  factors  are  4  for  the  usual  condition,  2.7  for  the  unusual, 
and  1.3  for  the  extreme  condition.  Foundation  treatment  is  the  usual  type; 
consolidation  grouting,  curtain  grouting,  and  drainage  systems.  Special  con¬ 
ditions  are  addressed  such  as  in  the  case  of  sedimentary  beds  dipping  upstream 
or  where  a  horizontal  keyway  is  required.  In  general,  treatment  is  similar  to 
that  provided  by  other  agencies. 

Loads 


6.  Usual .  Individual  loads  applied  to  the  dam  are  the  usual  reservoir  opera¬ 
tion  which  is  either  normal  water  or  the  minimum,  gravity,  temperature,  silt 
and  ice.  Temperature  for  an  arch  dam  is  extremely  important;  on  smaller  dams 
it  is  more  important  than  the  water  load.  For  this  reason,  very  extensive 
thermal  and  stress  analyses  are  made  to  determine  the  effects.  Ice  is  applied 
as  a  pressure  of  5  kips  per  foot  of  ice  thickness  per  linear  foot  of  structure. 
Normally,  the  ice  load  is  not  a  problem.  The  size  of  concrete  structures 

50  feet  or  greater  tends  to  mitigate  the  effects  of  the  ice  load.  Silt  load 
is  considered  as  an  increase  of  about  22-1/2  pounds  per  cubic  foot  on  the  water 
load  density. 

7.  Unusual .  The  flood  load  in  any  analyses  is  the  Probable  Maximum 
Flood  (PMF)  condition  which  is  the  maximum  height  of  the  dam  for  new  struc¬ 
tures.  A  continual  re-evaluation  of  the  flood  condition  results  shows  that 
some  structures  may  be  overtopped.  Overtopping  of  concrete  dams  is  a  concern, 
but  not  catastrophic  at  this  point  in  time.  In  1967,  an  arch  dam,  Gibson  Dam 
in  Montana,  overtopped  for  about  3  days  without  structural  damage  except  fo.r 
inundation  of  the  abutments  and  the  service  road  being  washed  out.  Later, 
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the  abutment,  for  some  distance  downstream,  was  covered  with  5  feet  of 
concrete  in  lieu  of  increasing  the  spillway  size. 

8.  Extreme.  The  USBR  method  of  earthquake  analysis  is  to  perform  a  response 
history  analysis  on  all  concrete  dam  analyses  when  required.  Magnitudes  and 
corresponding  epicentral  distances  for  historical  events  within  a  200-km 
radius  are  tabulated.  From  this  list,  the  most  severe  Maximum  Credible  Earth¬ 
quake  (MCE)  is  selected  and  a  smooth  response  spectra  is  developed  based  on 
known  accelerograms.  Digitized  accelerograms  are  developed,  scaled  appropri¬ 
ately  for  the  direction,  and  applied  to  the  particular  type  of  structure, 
whether  it  is  a  three-dimensional  arch  or  a  two-dimensional  gravity  dam.  The 
three  directions  are  upstream-downstream,  cross-canyon,  and  vertical. 

Methods  of  Analysis 

9.  Stress  analyses  for  the  gravity  dam  or  the  arch  dam  use  the  ordinary  beam 
theory  or  the  finite  element  method.  Also  used  for  the  arch  dam  is  the  trial 
load  method  or  the  computerized  version  called  Arch  Dam  Stress  Analyses  System 
(ADSAS)  analyses.  The  finite  element  method  currently  in  use  is  SAP-IV,  linear 
elastic  method.  Three-dimensional  finite  element  method  analyses  assume  con¬ 
ventional  concrete  dams  are  monolithic.  Proper  evaluation  of  results  from 
earthquake  analyses  may  require  a  somewhat  subjective  judgment.  The  ADINA 
computer  program,  from  M.I.T.,  is  being  modified  in  an  attempt  to  realistically 
assess  contraction  joint  response  during  earthquake.  Currently,  Chopra's 
EADHI  and  EAGD-84  computer  programs  are  being  used  for  our  gravity  dam  analy¬ 
ses  during  earthquakes. 


Foundation 


10.  In  the  foundation,  primary  analyses  are  the  shear  friction  factor  of 
safety,  passive  wedge  analyses,  and  some  of  the  progressive  failure  modes 
where  appropriate.  This  latter  method  is  used  in  conjunction  with  the  finite 
element  method  analysis. 
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Instrumentation 


11.  The  correlation  between  design  and  prototype  behavior  is  determined  from 
structural  analyses  and  instrumentation.  Many  instruments  are  installed  in 
each  dam  during  construction.  On  a  routine  basis,  measurements  are  recorded, 
plotted,  and  evaluated.  This  procedure  is  very  time  consuming,  but  is  the  only 
sure  method  of  back-checking  the  original  design  assumptions.  Some  of  the 
instruments  installed  in  our  dams  are  strain  meters,  stress  meters,  joint 
meters,  thermometers,  and  weirs.  In  the  foundation,  instrumentation  includes 
piezometers,  MPBX's  in  at  least  two  directions  along  the  line  transverse  to 

the  axis,  and  pressure  gauges.  Plumb  lines  are  a  very  reliable  and  informa¬ 
tive  measure  of  the  deflection  of  the  structure  throughout  the  year,  ar.G 
repeatability  of  plumb  line  measurements  is  extremely  valuable  and  accurate  in 
developing  trends  or  noting  anomalies. 

12.  In  high  double  curvature  arch  dams,  where  the  vertical  drop  down  the  crown 
cantilever  to  the  base  is  not  totally  within  the  sections,  a  substitute  for  the 
plumhline  using  tiltmefers  is  being  installed  in  Morrow  Point  Dam  on  the  Gun¬ 
nison  kiver,  Colorado.  Computed  deflections  from  the  tilt  and  the  subsequent 
double  integration  in  the  vertical  direction  from  base  to  the  crest  will  be 
compared  with  measured  deflections  from  a  juxtaposed  plumb  line  to  determine 

if  another  measuring  device  is  applicable  and  accurate.  Surface  measurements 
include  the  customary  surveying  methods.  Electronic  Distance  Measurement  (EDM), 
and  coliimation.  Accuracy  of  collimation  measurements  sometimes  become  margi¬ 
nal  because  of  the  distance  across  the  canyon.  This  fact  serves  to  emphasize 
the  need  for  redundancy  in  structural  behavior  measurements. 

13.  Kxtensomc ters  anchored  in  the  dam  and  the  foundation  have  proven  to  be 
very  valuable  in  measuring  the  reaction  of  the  structure  to  the  applied  loads. 
At  Glen  Canyon  Dam,  a  700-foot-high  structure  on  the  Colorado  kiver,  extenso- 
meter  measurements  showed  that  alter  about  7  years  that  structure  and  the 
reservoir  settled  down  before  the  system  began  to  repeat  the  oscillations  due 
to  the  temperature  and  the  water  fluctuation.  Extensometers  in  the  foundation 
in  Pueblo  Dam,  a  J 80-fooc-high  massive  head  buttress  dam  in  Colorado,  showed 
the  crest  to  be  deflecting  upstream.  Our  Instrumentation  group  rechecked  the 
measurements  and  inquired  if  new  personnel  had  been  assigned  the  job  of  making 
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measurements.  After  confirming  the  accuracy  of  t lie  original  data,  engineers 
from  the  design  and  instrumentation  sections  evaluated  the  collimation  data 
along  the  crest,  the  extensometer  data  from  the  foundation,  and  other  measure¬ 
ments  before  deciding  that  the  dam  really  was  moving  upstream  at  the  crest. 
This  conclusion  was  confirmed  with  a  two-dimensional  finite  element  analysis 
of  the  massive  head  buttress,  the  foundation  under  the  dam,  and  the  reservoir. 
Results  showed  that  when  the  foundation  deflected  from  the  reservoir  load,  it 
rotated  the  dam  upstream. 

14.  Weirs  installed  in  the  foundation  gallery  to  measure  seepage  proved  to  be 
a  very  unique  measuring  device  in  another  aspect.  Periodically,  in  Hungry 
Horse  Dam  in  Montana,  anomalous  increases  in  the  flow  on  one  side  of  the  dam 
were  recorded  which  were  completely  off  the  scale,  but  in  a  year  or  two  they 
would  return  to  normal.  Back-analysis  disclosed  that  there  were  several 
simultaneous  earthquakes  in  the  area.  In  addition,  geological  and  construc¬ 
tion  records  showed  the  dam  vas  built  across  a  fault.  Thus,  whenever  an 
earthquake  within  a  hundred  miles  of  the  dam  occurred,  the  drain  flows  would 
temporarily  and  significantly  increase  before  resuming  normality. 

15.  Uplift  is  a  hydrostatic  condition  alfecting  all  concrete  structures  to 
some  degree.  Based  on  calculations  and  measurements,  uplift  in  thin  arch  dams 
is  not  a  major  concern.  Stress  analyses  including  uplift  have  shown  that  most 
any  variation  in  uplift  assumption  is  not  going  to  significantly  change  the 
stress  or  stability  of  the  dam.  However,  within  a  gravity  dam,  uplift  i s 
important.  Uplift  varies  linearly  from  reservoir  pressure  to  one-third  the 
pressure  difference  between  reservoir  and  tailwater  at  the  line  ot  drains  to 
tailwater  pressures,  presuming  the  drains  are  working. 

16.  To  substantiate  stability  and  track  stability  including  uplift,  operable 
drains  and  companion  measurable  weir  flows  are  compared  with  pressure  gauge 
leadings,  such  as,  if  the  pressure  goes  up  and  the  flow  goes  down,  a  problem 
might  exist.  Four  or  five  pressure  gauges  are  generally  equally  spaced  along 
a  radial  line,  i.e.,  radial  to  the  upstream  face  in  the  transverse  direction. 
Three  or  more  lines  of  pressure  gauges  are  located  longitudinally  across  the 
clam,  whether  it  is  arc!)  or  gravity. 
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Maintenance 


17.  To  assure  that  structures  are  operating  as  designed  or  in  an  acceptable 
fashion,  two  investigations  are  used:  Review  of  Maintenance  (ROM)  and  Safety 
Evaluation  of  Existing  Dams  (SEED).  Since  the  late  1940's,  a  ROM  program  has 
been  organized  in  which  the  staff  from  our  Denver  office,  regional  offices,  or 
project  offices  would  go  out  every  2,  4,  or  6  years  routinely  and  examine  the 
structures.  These  inspections  primarily  addressed  chipped  paint,  grass  grow¬ 
ing  on  the  abutment,  seepage,  grass  on  the  downstream  face  of  the  dam,  or  any 
other  such  thing  that  would  cosmetically  be  unacceptable.  These  reports  have 
become  very  valuable  in  evaluating  the  history  of  the  structure.  Always  during 
the  inspection,  the  staff  would  take  many  pictures.  Consequently,  when  a 
problem  appears  to  be  developing,  we  peruse  the  photographs  searching  for  a 
sequence  of  what  has  happened  in  or  on  the  structure  during  the  last  40  years. 
ROM  reports  have  become  very  valuable  in  the  sense  that  sometimes  from  histori¬ 
cal  reports  the  design  conditions  can  be  determined.  These  documents  coupled 
with  the  instrumentation  and  ROM  records  are  about  the  only  way  that  some 
structures  can  be  evaluated.  In  evaluating  records  dating  back  to  the  early 
1900’s,  specifications  (usually  with  only  about  four  drawings)  are  very 
limited  as  far  as  trying  to  reconstruct  early  structural  behavior,  especially 
during  construction  and  early  operation  of  the  structure.  Therefore,  all 
documentation  is  very  valuable  in  assessing  the  current  structural  safety. 

18.  In  the  SEED  program  the  structure  is  inspected  by  a  team  of  qualified 
people,  i.e.,  civil  and  mechanical  engineers  and  a  geologist,  who  also  review 
and  evaluate  the  design  data,  construction  records,  instrumentation  records, 
or  other  data.  Subsequently,  the  team  recommends  additional  studies.  And 
then  once  those  recommendations  are  made,  other  sections  of  the  organization 
respond  to  it.  The  SEED  reports  usually  recommend  a  state-of-the-art  earth¬ 
quake  analysis.  From  these  recommendations  arc!  limited  data,  a  structural 
analysis  is  made  of  the  dam  and  foundation.  if  something  is  amiss,  such  as  a 
tensile  stress  that  exceeds  the  probable  tensile  strength,  more  data  may  be 
needed  either  from  another  field  trip  by  the  analyst,  or  from  in  situ  or 
laboratory  tests.  A  second  inspection  may  be  necessary  because  of  distress 
potential  from  the  structural  analysis.  Old  structures  may  have  cracks  from 
either  structural  or  material  deterioration,  and  pose  problems  with  stability. 
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Additional  data  are  required  prior  to  modi  1 icat ion  designs  under  Safety  oi 
Dams  (SODl  authorization. 

Concerns  about  the  Stability  of  Concrete  Dams 


19.  What  does  stability  really  mean?  How  can  we  accurately  measure  stability 
Can  we  develop  a  process  relating  analytical  methods  with  structural  model 
methods  or  prototype  methods?  The  finite  element  method  of  analysis  is  <  very 
efficient  and  accurate  method;  however,  it  is  still  an  analytical  method  and 
results  should  be  verified  with  other  types  of  measurements. 

20.  If  we  have  structural  damage  from  an  earthquake,  or  if  we  have  a  flood 
that  exceeds  the  capacity  or  the  reservoir,  and  we  anticipate  overtopping, 
what  is  the  effect  from  overtopping  rr  earthquake  damage  regarding  the  scour 
and  potential  instability? 

Current  I'SRR  Concrete  Dam  Research 


21.  Current  research  is  limited  on  concrete  dams.  One  project  we  have  going 
on  new  is  the  development  of  a  contraction  joint  finite  element  code  for  the 
ADIKA  computer  program.  Iliis  joint  element  is  a  nonlinear  element  that  acts 
during  an  earthquake  or  during  extreme  temperature  loading  to  accurately  model 
the  response  and  redistribution  oi  loads  on  an  arch  dam  or  gravity  dam. 

22.  The  application  of  fracture  mechanics  to  concrete  dams  is  being  evaluated 
Existing  I'SBR  methods  of  analyses  fci  cracking  of  gravity  darns  or  arch  darns 
are  conservative  and  should  be  confirmed  or  modi  lied. 

23.  Another  ongoing  research  project  is  intended  to  determine  the  effective¬ 
ness  of  foundation  grouting  during  construction.  f'nknowns  to  be  determined 
are  (a)  how  long  does  it  last?;  f  h )  how  el ficient  is  it?;  fc'  must  the  founda¬ 
tion  be  regrouted?;  and  (d)  does  it  really  do  the  job?  Jo  evaluate  these 
parameters,  acoustical  measurements  and  other  downhole  measurements  are  per¬ 
formed  before  and  after  grouting.  If  you  know  of  anv  answers  to  these  ques¬ 
tions,  the  Bureau  would  welcome  assistance  and  test  results. 
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Federal  Energy  Regulatory  Commission 


Tutroduction 

),  The  Federal  Energy  Regulator-.’  Commission  (FFRCl,  Office  of  Hydropower 
Licensing,  is  responsible  for  the  regulation  of  confederal  hydroelectric  power 
projects.  All  hydroelectric  facilities  not  owned  and  operated  by  a  federal 
agency,  such  as  the  Corps  of  Engineers,  TVA  or  USER,  must  obtain  an  operating 
license  from  1ERC.  The  federal  Power  Act,  first  enacted  in  1910 ,  gives  FERC 
broad  powers  to  insure  public  safety  arid  proper  utilization  of  water  resources 
for  hydroelectric  power  generation.  FERC  currently  has  jurisdiction  over 
approximately  .*200  hydroelectric  projects  involving  approximately  1 0 0  dams 
over  35  feet  in  height  and,  therefore,  has  a  keen  interest  in  the  safety  o* 
existing  dams. 

2.  1  he  dam  safety  program  at  FERC  is  administered  in  two  ways.  First,  all 
projects  tor  which  an  application  tor  license  is  received  or  for  which  a  major 
change  in  development  is  proposed,  must  be  certified  as  "sate  and  adequate"  by 
Design  Review  Branch  (DUB)  Enginee rs .jytach  project  is  subjected  to  a  review 
of  the  hydrologic,  hydraulic,  geotechnical  ana  structural  adequacy  ot  its 
major  features.  Prior  to  licensing,  al ]\^>rojects  must  be  shown  to  hi  safe, 
either  by  staff  or  applicant  studies,  or  a\plan  for  demonstrating  the  safety 
of  t lie  structures  must  be  developed  as  a  coiiyiition  of  licensing. 

3.  After  licensing,  each  project  is  inspected  annually  by  FERG  Regional 
Office  inspectors,  and  once  every  5  years  bv  independent  consultants,  under 
Part  12  of  the  Power  Act.  Those  inspections  are  conducted  in  order  to  insure 
projects  are  being  properly  maintained,  that  no  unauthorized  modifications 
have  been  made,  and  thaf  the  project  is  being  opeuted  efficiently  and  safely. 

4.  The  dan,  safety  program  has  been  successfully  in  identifying  potentially 
unsafe  and  hazardous  dams.  FERC  has  required  over  50  dams  to  undergo  varying 
degrees  of  rehabilitation  in  the  past  5  years,  "able  1  shows  a  sample  of  the 
projects,  and  type  of  rehabilitation  required,  which  have  been  upgraded  under 
the  dam  safety  program. 
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24.  USBR  publications  available  are  "Design  Criteria  of  the  Concrete  Arch  and 
Gravity  Dams,"  "Design  of  Gravity  Dams,"  "Design  of  Arch  Dams,"  and  "Design  of 

Small  Dams." 
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f.afetv  of  Existing  hams 


5.  Dans  found  to  be  unsafe  usually  fall  into  two  general  categories:  either 
the  safety  criteria  or  analysis  procedures  (hydrologic  or  structural)  have 
changed  since  the  dam  was  designed  and  constructed;  or  deterioration  of  the 
structure  (or  foundation)  required  a  reassessment  of  its  safety  based  on 
current  site  conditions. 

(> .  A  large  number  of  existing  concrete  gravity  dams  under  FERC's  jurisdiction 
were  designed  anc  built  prior  to  the  1930's.  As  these  projects  apply  for 
relicensing  or  amendment,  the)-  must  be  re-evaluated  under  current  hydrologic 
and  structural  criteria.  The  most  commonly  noted  deficiency  of  these  dams  is 
an  inariequa te 1 y  sized  spillway,  resulting  in  either  theoretical  overtopping  of 
the  dam  or/and  increased  loading  on  the  structure  during  a  Probable  Maximum 
Flood  (PMF)  event.  Other  problems  noted  are:  changed  loading  due  to 
increased  uplift  pressures,  foundation  leakage  or  deterioration,  cracked  or 
deteriorated  concrete,  and  a  change  in  downstream  development  which  requires 
ar  increase  in  the  hazard  petential  of  the  project. 

7.  The  above  factors  result  in  many  existing  cams  not  meeting  current  dam 
safety  criteria.  This  presents  the  problem  of  determining  which  dams,  many  of 
which  have  performed  satisfactory  for  over  50  years,  should  he  required  to  be 
upgraded  to  present-day  standards.  ,\'ot  only  mist  the  decision  be  made  as  to 
which  dams  should  be  rehabilitated,  but  it  also  must  be  decided  to  what  degree 
of  safety  the  structure  must  be  upgraded.  Rehabilitation  of  an  existing  struc¬ 
ture  is  an  expensive  and  difficult  unde r taking .  The  catastrophic  consequences 
of  a  dam  failure  makes  these  important  decisions  more  difficult. 

8.  At  KERO,  the  ORB  Staff  uses  a  three-step  procedure  to  Identify  unsafe  dams 
which  need  rehabilitation.  First  a  hydrologic  analysis  of  the  project  is 
made,  based  upon  its  hazard  rating,  ar.c  a  spillway  design  flood  is  estab¬ 
lished.  For  high-hazard  projects,  the  Spillway  Design  Flood  (SI)!')  is  the  PMF. 
The  SPf  is  routed  through  the  project  to  determine  the  loading  on  the  struc¬ 
ture  and  ability  of  the  spillway  to  handle  the  flow.  A  stability  analysis  of 
the  major  project  features  is  then  conducted  for  a  range  of  loadings  up  to  the 
SDF  and  for  earthquake  loading.  if  the  stability  analysis  indicates  a  safe 
dam,  then  the  process  is  complete;  however,  if  an  ursafe  dam  is  indicated,  a 
decision  must  be  made  whether  or  not  and  to  what  extent  the  project  must  be 
rehabilitated.  For  unstable  dams  the  third  s;tep,  a  safety  evaluation,  is 
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conducted  which  considers  the  impact  of  failure  on  downstream  river 
stages  at  the  time  of  failure.  This  requires  a  dambreak  analysis  and 
flood  routing  through  the  critical  reaches  of  the  downstream  river 
bas-in.  If  the  river  stages  downstream  are  not  significantly  affected 
by  a  dam  failure,  then  no  remedial  action  is  required.  If  the  con¬ 
verse  is  true,  then  a  plan  for  the  project  must  be  submitted  and 
approved  by  FERC  Engineers. 


Stability  Analysis 

9.  The  criteria  and  procedures  used  to  conduct  stability  analyses  of  concrete 
gravity  dams  on  rock  at  FERC  are  a  combination  of  Corps  ot  Engineers  and 
Bureau  of  Reclamation  requirements,  with  some  modifications  made  based  on  the 
FERC  experience  with  existing  dams. 

10.  The  loading  conditions  used  in  the  stability  analysis  of  gravity  dams  are 
as  follows: 

a.  Case  I  -  Usual  Loading  Combination  -  Normal  Operating  Condition.  The 
reservoir  elevation  is  at  the  top  oi  normal  power  pool,  or  the  top  of 
the  closed  spillway  gates,  whichever  is  greater.  Minimum  normal  tail- 
water  is  used  and  ice  pressure,  if  applicable,  should  be  considered. 
Horizontal  silt  pressure  should  also  be  considered  if  applicable. 

b.  Case  II  -  Unusual  Loading  Combination  -  Flood  Discharge.  The  project 
flood  which  results  in  reservoir  and  tailwater  elevations  that  exert 
the  greatest  head  differential  and  difference  in  moments  upon  the 
structure  should  be  used.  This  may  result  in  the  use  of  a  flood  of 
lesser  magnitude  than  the  Spillway  Design  Flood.  Many  overflow 
spillways  will  be  submerged  during  periods  of  high  discharge.  Fail¬ 
ure  or  the  structure  while  submerged  may  be  less  critical,  in  ternn 
of  the  fiood  wave  released,  than  failure  during  a  period  when  the 
tailwater  is  low.  Tailwater  pressure  should  be  taken  as  full  value 
lor  nonoverflow  sections  and  60  percent  of  full  value  for  overflow 
sections,  except  that  full  value  should  be  used  for  computation  of 
the  uplift. 

c.  Case  III  -  Extreme  Loading  Combination  -  Normal  Operating  with 
Earthquake .  The  same  loading  as  in  Case  I  is  used  except  that  the 
inertial  forces  due  to  the  earthquake  acceleration  oi  the  dam  and  the 
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Increased  hydrostatic  forces  due  to  the  reservoir  reaction  on  the  dam 
are  added. 

11.  The  basic  requirements  for  stability  of  a  gravity  dam  for  load  Cases  1 
and  II  are: 


a.  That  it  be  safe  against  overturning  at  any  horizontal  plane  within 

the  dam,  at  the  base  or  at  any  plane  below  the  base.  This  requires 

that  the  allowable  unit  stresses  established  for  the  concrete  and 
foundation  materials  not  he  exceeded.  The  allowable  stresses  should 
be  determined  by  dividing  the  ultimate  strengths  ol  the  materials  by 
the  appropriate  safety  factors. 

b.  That  it  be  safe  against  slidirg  on  any  horizontal  plane  within  the 

dam,  on  the  foundation,  or  on  any  horizontal  seam  in  the  foundation. 

The  ultimate  value  of  cohesion  required  for  stability  should  be 
solved  for  using  the  appropriate  safety  factors. 

12.  For  load  Case  III  the  requirements  for  stability  arc: 

a.  For  an  earthquake  loading  using  the  seismic  coefficient  method,  the 
basic  requirements  for  stability  order  Case  I  and  Case  II  loading 
apply. 


b.  For  an  earthquake  loading  using  dynamic  or  pseudo-dynamic  methods, 
the  following  criteria  apply: 

' 1 )  The  dam  shall  be  capable  of  surviving  a  Maximum  Possible  Earth¬ 
quake  (MPF)  without  a  failure  of  a  type  that  would  result  in  loss  of 

life  or  significant  damage  to  downstream  property.  Inelastic  behav¬ 
ior  with  associated  damage  is  permissible  under  the  maximum  possible 
earthquake  for  the  site. 

(2)  The  dam  shall  be  capable  of  resisting  an  Operational  Earth¬ 
quake  (0 E)  within  the  elastic  range  of  the  materials.  An  Operational 

Earthquake  shall  be  defined  as  one  which  is  likely  to  occur  during 
the  life  of  the  project  as  determined  through  geologic  and  seismic 
studies . 

13.  The  procedures  used  in  the  conventional  rigid  body  analysis  are  basically 
those  used  by  both  the  Corps  and  the  Bureau,  with  the  exception  that  FERC  has 
adopted  the  Bureau's  method  of  handling  uplift.  For  reasons  explained  later 
herein,  the  Bureau's  method  for  determining  the  initiation  of  interface 
cracking  is  considered  more  appropriate  for  existing  dams. 
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Examples  of  Rehabilitated  Concrete  Gravity  Dams 

14.  Following  are  three  examples  of  projects  which  were  found  to  be  unstable 
and  which  were  rehabilitated  under  FERC's  dam  safety  program.  These  dams  were 
selected  because  they  demonstrate  the  types  of  problems  common  to  many  exist¬ 
ing  structures,  and  each  also  presented  site  specific  problems  requiring 
unusual  solutions. 


Elwha  Project 


1  r> .  The  Elwha  Pam,  located  on  the  Elwha  River  rear  Fort  Angeles  Washington, 
was  constructed  in  1911'.  As  the  reservoir  was  raised,  the  project  begat: 
experiencing  a  long  history  ot  stability  problems.  On  JO  October  19)2,  the 
foundation  under  the  r.onover f low  portion  of  the  dam  failed,  allowing  the 
reservoir  to  be  drained,  flowing  under  the  dan.  An  examination  ol  the  geo¬ 
logic  cross  section  of  the  dan:  shows  that  it  was  constructed  on  natural  river 
sediments,  whicli  were  washed  out  due  to  piping.  Vai ions  remedial  measures 
were  taken  in  the  period  1913  to  !°19  to  repnit  the  damage  and  resolve  con¬ 
tinuing  leakage  problems.  These  measures  ultimately  resulted  in  a  large 
amount  of  materials  being  placed  on  the  upstream  lace  to  form  an  impervious 
b  ianke  t . 

lb.  FERC  obtained  jurisdiction  over  the  Flwha  project  in  December  1978.  DRB 
staff  studies  showed  the  dam  to  he  unstable  and  to  be  a  hazard  to  the  down¬ 
stream  population,  resulting  in  ar  order  requiring  the  ov.-ner  to  file  a  plan 
for  rehabilitating  the  project  prior  to  licensing.  In  .>uly  1980  a  contract 
was  awarded  for  post tensior ing  the  dam  and  work  was  completed  in  October  la8P. 
In  June  1981,  after  a  review  of  the  as-built  drawings  and  construction  records, 
the  owner  was  notified  that  the  construction  was  not  performed  according  to 
specifications  and  was.,  therefore,  not  acceptable.  The  owner  was  ordered  to 
convene  an  independent  beard  of  consultants  to  rule  on  the  adequacy  of  the 
posttensioning  work.  That  Board  ruled,  in  March  1985,  that  the  post  tens ioning 
work  did  not  meet  specifications  due  to  improperly  placed  anchorage  grout,  and 
recommended  installation  of  additional  anchors.  The  additional  work  is 
scheduled  for  completion  by  April  1986. 

17.  There  are  some  unusual  features  of  the  design  of  the  Elwha  repairs.  Driv¬ 
ing  forces  on  the  dam  were  based  on  readings  from  two  piezometers  installed 
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through  the  dan>  into  the  upstieam  fill  material.  This  resulted  in  a  reduct  in. 
in  hydrostatic  forces  on  the  dam.  Secondly,  the  dam  was  analyzed  as  a  wedge 
in  the  valley.  Due  to  t lie  unusually  large  depth-to-spar  ratio,  the  gravity 
section  is  essentially  a  beam  spanning  the  original  river  bed,  with  the  abut¬ 
ments  founded  on  competent  rock.  Lastly,  weak  planes  within  the  bod”  of  the 
gravity  section  were  stabilized  by  the  install atior.  of  posttensioned  anchors. 
18.  The  remedial  measures  approved  by  FERC  staff  involved  installation  of 
20  multistrand ,  high-strength  steel  tendons  in  the  gravity  section  and  spill¬ 
way  piers.  A  VSI  system  was  used,  with  tendons  spaced  at  .'0  feet  on  center, 
and  stressed  to  approximately  300  kips.  In  addition,  s  third  piezometer  w.n 
reouired  in  order  to  provide  for  more  reliable  monitoring  ot  the  hydrostatic 
pressures  in  the  upstream  fill  material.  Tee  Figures  I  arc  2. 


Claytor  Dam 


19.  The  Claytor  Dam,  located  on  the  N’ev  River,  neat  Radford,  Virginia,  was 

constructed  in  1939.  It  is  comprised  of  an  overflow  gated  spillway,  a  power 
house,  and  r.onover f low  abutment  sections.  The  total  length  ot  the  dam  is 
1142  feet  and  has  a  maximum  height  of  1 2D  feet.  See  Figure  3. 

20.  Claytor  Pam  was  first  identified  as  requiting  a  safet'  (valuation  through 

the  Part  12  inspection  program  and  was  required,  by  DKH  Stall,  to  file  a  plan 
for  rehabilitation  as  a  condition  tor  rel icer.s i ng  in  19 80.  The  Jam  was  found 

to  be  urstable  for  PMF  loading,  and  a  remedial  action  plat  was  liled  in  lune 

1983.  A  two-phase  plan  was  approved,  which  involved  raising  the  spillway- 
gages  to  increase  spillway  capability  and  stabilizing  the  nonoverflow  sections 
of  the  structure. 

21.  Phase  one  rehabilitation,  raising  of  the  spillwa\  gates,  was  approved  tor 
construction  in  September  1983,  and  work  was  completed  it!  July  1984.  The 
gates  were  raised  27  feet  to  Increase  spillway  capacity  and  to  thereby  lower 
the  PMF  levels  (by  approximately  6  feet)  in  the  reserve"!  r  as  well  as  loads  on 
all  structures.  This  lowered  the  hydrostatic  loads  on  the  spi’lvav  so  that  it 
would  be  stable  under  the  PMF  (Figure  4). 

22.  Phase  two  rehabilitation  included  post  tens  ion  i  r.g  of  a  we  a  t-  plane  in  the 
right  nonoverflow  abutment  and  the  installation  ot  reinforced  concrete  thrust 
blocks  at  both  abutments.  Tn  addition,  rock  downstream  of  both  abutments  was 
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grouted  and  capped  with  concrete  to  prevent  unraveling  during  overtopping  of 
the  structure.  This  work  was  completed  in  March  1985  (Figure  5). 

23.  Both  phases  involved  unusual  solutions  to  the  dam  safety  problem.  The 
raising  of  the  gates,  in  phase  one,  allowed  for  the  PMF  to  be  passed  through 
the  spillway  more  eiiiciently,  but  did  not  increase  capacity  sufficiently  to 
prevent  overtopping .  This  reauiied  that  all  sections  be  analyzed  for  leadings 
induced  by  overtopping,  and  raised  many  questions  concerning  the  performance 
of  and  existing  drainage  system  under  hydrostatic  loading  far  exceeding  any¬ 
thing  previously  experienced  by  the  system.  Phase  two  stabilization  of  the 
nor.overf low  portions  was  complicated  by  geologic  conditions  which  precluded 
posttensioring  to  the  inundation  rock.  A  thrust  block  of  reinforced  concrete 
was  approved  which  was  designed  to  resist  the  tensile  forces  induced  by  the 
resultant  of  all  forces  falling  outside  the  original  base  of  the  dam.  Post- 
tensioning  was  used  to  stabilize  a  plane  in  the  right  abutment  section  which 
was  ^racked  ana:  leaking,  but  the  anchors  did  not  extend  into  the  foundation 
(Figures  n  and  7). 


Barker  bam 

Barker  Pen:  is  a  1 75-1  oot-high ,  270-foot-long  concrete  gravity  dam  located 
on  the  Middle  Boulder  Creek,  near  Boulder,  Colorado.  It  was  constructed  in 
1910  and  developed  excessive  leakage  to  the  extent  that  in  193.1  the  dam  and 
foundation  were  grouted.  leakage  again  developed  ar.d  in  1947  additional 
repairs  were  made,  consisting,  of  the  installation  of  a  closed  drainage  system, 
placement  ot  a  concrete  membrane  on  the  upstream  face,  and  deep  foundation 
grout  i  ng  ( i  igu  re  8  )  . 

21.  Concerns  for  the  stability  of  Barker  Pam  were  again  raised  in  the  DRB 
studies  as  part  of  the  re  licensing  in  1981  and  the  licensee  was  ordered  to 
undertake  a  study  to  determine  the  actual  uplift  distribution  under  the  dam. 
Staff  studies  ‘flowed  the  uam  fo  he  unstable  under  PMF  and  normal  loading 
conditions,  using  conventional  uplift  assumptions.  The  licensee  conducted  a 
comprehend ’ve  geotechnical  Investigation  including  piezometer  and  t.loetzl  cell 
installation.  Ttiis  study  showed  that  uplift  pressures  existed  under  portions 
of  tiic  dan,  which  approached  the  theoretical  cracked-base  assumptions  used  in 
the  stait  studies;  i.e.,  a  significant  percentage  of  the  available  head 
existed  over  portions  of  the  base.  Other  portions  of  the  base  were  shown  to 
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have  pressures  in  the  range  of  ’5  to  33  percent  ot  the  available  hem:  when  the 
reservoir  level  was  raised  slightly. 

Z't.  The  conditions  outlined  above  proirpteci  the  (’on-miss  ion  to  order  the  reser¬ 
voir  lowered  by  19  feet  to  increase  stability  until  repairs  could  he  ir.ple- 
rrented.  Repairs  to  Barker  I'arr  are  unusual  due  to  the  fact  that  the  forces 
required  to  stabilize  the  structure  would  not  allow  placement  o’  tendons  at  a 
spacing  closer  than  8  feet  on  center.  This  resulted  in  the  insta;  lotion  o* 
vertical  anchors  along  the  crest  o;  the  dan:  and  additional  rows  o;  anchors 
placed  at  30-degree  angle  through  the  dovnst rear.  ;ace  (i-'iguns-  0  and  If", 
finite  element  analysis  was  conducted  re  determine  concrete  and  tour.dat  iot. 
stresses  resulting  from  the  pes  t  tens  i  oi,  mg  lories,  ar.d  to  detetmine  inter.  :i - 
tier  between  anchors.  The  des;gn  required  r-u  1 1  i  st  ratal  ,  h  igh-s  t  rer.e  t  h 
tendons  stressed  to  design  force's  of  up  t<  !4r'p  k  ip-.  I'ach  tend*-’.  .  citsisfed 
ol  52,  ! /2-ir.ch-d ''ar.eter  2/(-ksi  strands.  ’.fork  was  completed  is  e  ember  1  ’• 
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of  extrapolating  from  drain  efficiencies  at  normal  conditions  to 
efficiencies  at  much  greater  inflow  pressures  and  quantities  would  be 
beneficial . 

(2)  How  does  a  cracked  interface  at  higher  than  normal  pool  eleva¬ 
tions  affect  drain  efficiency?  The  performance  of  the  drainage  sys¬ 
tem  when  the  base  crack  extends  beyond  the  location  of  the  drains  is 
extremely  critical  to  the  analysis  I'Figures  11  and  12).  This  condi¬ 
tion  requires  the  application  of  full  head-water  pressure  for  an 
undrained  base,  but  current  criteria  do  not  give  guidance  for  a 
cracked-base  with  drainage, 

(3)  How  should  uplift  be  considered  in  an  analysis,  as  a  load  or 
separately  as  a  pressure  to  determine  the  initiation  oi  interface 
cracking?  Corps  procedures  use  up] lit  as  a  load  cn  the  structure  in 
the  same  way  as  driving  forces,  but  I'SBf'  procedures  separate  uplift 
from  the  analysis.  For  design  purposes  the  two  procedures  are 
identical  because  tension  at  the  heel  is  avoided  by  changing  the 
structural  geometry  so  that  the  resultant  of  all  forces  is  within  the 
kern  of  the  base,  and  low  drain  efficiencies  are  usually  used.  For 
existing  structures,  however,  the  two  methods  can  give  dramatically 
different  conclusions  when  ;;  high  drain  efficiency  is  used.  See 
appendix  for  an  example. 

(4)  How  should  uplift  be  considered  in  a  finite  element  analysis? 
Several  procedures  are  currently  used,  from  applying  the  effective 
uplift  forces  as  point  loads  on  the  Interlace  to  using  pore  pressures 
below  an  assumed  phreatic  line. 

Inteiface  Strength  Parameters.  The  strength  of  the  rork-concrete 
interface,  in  both  shear  and  tension,  is  equally  difficult  to  estab¬ 
lish  and  almost  as  important  to  the  analysis  as  uplift  distribution. 
Research  which  establishes  guidelines  in  the  following  areas  would  be 
beneficial : 

( 1 )  Recommendations  concerning  the  testing  techniques  and  extent  of 
geologic  investigation  required  to  establish  strength  parameters  for 
an  existing  dam. 

(2)  Establ ishment  ol  guidelines  for  selection  of  strength  parameters 
based  on  expected  rates  of  loading  or/and  probability  of  a  particular 
loading  condition  occurring.  For  instance,  what  parameters  should  be 
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used  in  an  earthquake  analysis  when  the  expected  loading  is  of  higher 
magnitude  and  much  shorter  duration  than  normal  conditions? 

Establish  Guidelines  of  Safety  Evaluation  of  Existing  Pams.  The 
establishment  of  a  consistent  set  of  guidelines  and  criteria  to  be 
used  by  all  federal  agencies  in  the  safety  evaluation  of  existing 
gravity  dams  would  be  beneficial,  as  would  recommendations  concerning 
when  and  to  what  degree  upgrading  of  unsafe  dams  is  required. 

(1)  Criteria  for  evaluating  dam  safety  ir.  generally  that  established 
by  the  major  dam  builders  in  government,  such  as  the  Corps,  USBR,  and 
TVA.  Therefore,  inconsistencies  among  the  agencies  concerning  the 
procedures  and  criteria  for  dam  safety  evaluations  (e.g.,  uplift 
analyses  as  previously  mentioned)  have  an  impact  on  the  entire  indus¬ 
try.  The  primary  benefit  would  be  that  a  consistent  level  of  public 
safety  would  be  assured. 

(2)  The  development  of  criteria  and  procedures  for  determining  when 
and  to  what  degree  a  structure  should  be  upgraded  would  be  beneficial 
because  the  economic  impact  on  private  and  municipal  dam  owners  would 
be  reduced.  The  current  system  of  each  agency  having  independent 
standards  of  evaluation  sometimes  requires  owners  to  satisfy 
conflicting  levels  of  dam  safety  concern. 
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Gravity  Dam  Example 


Uplift  Assumptions 
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COMPUTER  CODES  AVAILABLE  TO  ASSIST 
IN  STABILITY  ANALYSIS 


N.  Radhakr ishnan 

IS  Army  Engineer  Waterways  Experiment  Station 

1.  The  Three-Dimensional  Stability  Analysis/Design  Program  (3DSAD)  has  been 

developed  under  the  Computer-Aided  Structural  Engineering  (CASE)  project  for 
the  analysis  and  design  of  hydraulic  structures  with  respect  to  overturning, 
sliding,  and  maximum  bearing.  Mr.  Fred  Tracy,  Automation  Technology  Center, 
WES,  is  the  principal  author  of  this  program.  The  program  has  two  modes  of 
operation:  (1)  general  structural  capability  and  (2)  specific  structure 

types . 

2 .  The  general  modules  allow  the  user  to  create  and  interactively  plot  the 

geometry  and  loads  of  the  structure,  obtain  volumes,  weights,  centroids, 
forces,  and  moments  for  these,  and  then  do  an  analysis  to  determine  if  the 
base  pressures,  area  of  bare  in  compression,  sliding,  and  maximum  bearirg  are 
at  acceptable  values.  A  Free-Body  Module  also  exists  to  "clip1'  the  geometry 
and  loads  to  determine  a  new  problem  and  make  the  subsequent  analysis.  O . 

3 .  The  specific  structure  nodules  (currently  dams  and  gravity  locks)  start 
with  certain  predetermined  shapes  fthe  dams  module,  for  instance,  has  an  over¬ 
flow  cross  section,  a  nonoverflow  cross  section,  and  a  pier  section)  and 
allows  the  user  to  give  spccnic  values  for  the  parameters  for  these  pieces. 
The  general  geometry,  loads,  and  analysis  data  are  then  automatically  gener¬ 
ated  for  the  user.  Also  specific  load  cases  are  preprogrammed  In  the  specific 
structures  modules.  lor  instance,  the  dams  module  has  the  six  standard  load 
cases  of  construction,  normal  operating  condition,  induced  surcharge,  flood, 
and  the  two  earthquake  conditions.  A  Design  Memorandum  (DM)  plate  capability 
is  also  available  tor  dams. 

4.  This  program  has  been  used  by  several  Corps  of  Engineers  District  offices 
on  a  variety  of  projects.  Examples  are  Lock  f,  Pams  2  and  26  by  the  St.  Louis 
District,  Richard  B.  Russell  Dam  by  the  Mobile  District,  and  Chief  Joseph  Dam 
bv  the  Seattle  District. 

5.  Some  of  the  slides  used  to  describe  and  discuss  the  capabilities  of  3DSAD 
follow: 
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FACE  DEFINITION  OF  PIECE  USING  PLANAR  AND  BICUBIC  PATCHES 
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FREE  BODY  MODULE  (NEW) 
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SECOND  EXAMPLE  OF  FREE-BODY  RESULTS  WITH  BOTH  GEOMETRY  AND  LOADS 
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MENU  FOR  GRAPHICALLY  INPUTTING  A  PIER  SECTION  FOR  DAMS 
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JOSEPH  DAM  ANALYSIS 
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KERN  PLOT  FOR  CHIEF  JOSEPH  DAM  ANALYSIS 
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RESULTS  OF  CHIEF  JOSEPH  DAM  ANALYSIS 
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DESIGN  MEMORANDUM  (DM)  PLATE  §2  FOR  CHIEF  JOSEPH  DAM 
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DESIGN  MEMORANDUM  (DM)  PLATE  #3  FOR  CHIEF  JOSEPH  DAM 
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DETECTION  AND  MONITORING  OF  STRUCTURAL  DEFICIENCIES 
IN  THE  ROCK  FOUNDATION  OF  LARGE  DAMS* 


Kalman  Kcvari 

Swiss  Federal  Institute  cf 


AD 


j 


Technol ogy 


I.  Dr.  Kalman  Kovari  is  the  Head  of  the  Rock  Engineering  Department,  Swiss 
Federal  Institute  cf  Technology,  Zurich,  Switzerland.  Dr.  Kovari  is  an  acknowl¬ 
edged  authority  on  applied  and  theoretical  rock  mechanics,  specializing  in  the 
rock  engineering  aspects  of  dams,  tunnels,  and  other  large  structures.  He  has 
analyzed  rock  mass  stabilities  as  they  pertain  to  overall  structural  stability 
in  both  the  design  phase  of  new  construction  and  in  the  evaluation  processes 
applied  to  preexisting  structures.  Dr.  Kovari  has  worked  with  projects  not 
only  in  his  native  Switzerland  but  also  in  other  European  countries  and  sev¬ 
eral  other  continents.  The  following  is  a  summary  of  the  presentation  made  by 
Dr.  Kovari  before  the  September  1 9R5  Corps  of  Engineers  REMR  Workshop  on  the 
Stability  of  Large  Concrete  Structures  on  Rock  Foundations  at  Vicksburg, 
Mississippi. 


2.  To  judge  the  safety  of  a  structure  or  understand  its  actual  behavior, 
deformation  measurements  are  usually  carried  out.  Ibis  is  the  practice  of  all 
truly  professional  engineering  organizations  such  as  the  US  Army  Corps  of 
Engineers.  It  is  applicable  to  almost  every  kind  of  structure,  whether  it  be 
a  pier  supporting  a  bridge  in  Brazil,  a  quarry  slope  in  Lucerne,  or  a  subway 
in  Munich.  It  cannot  be  emphasized  strongly  enough  that  a  structure,  such  as 
a  dam,  and  its  foundation  form  a  structural  unit;  consequently  the  behavior 
and  safety  of  that  dam  are  inseparably  linked  with  the  performance  of  the 
foundation.  Moreover,  it  is  generally  recognized  that  it  is  not  the  average 
rock  condition  which  is  the  cause  of  concern  but  rather  the  presence  cf  spe¬ 
cific  deficiencies  like  weak  zones,  open  or  "healed"  joints,  continuous  shear 
zones,  and  so  on.  Considering  present-day  numerical  methods  in  analysis  and 
design  of  dams  and  also  the  advanced  construction  technology  and  materials 
used,  the  major  source  of  uncertainty  in  predicting  the  behavior  and  safety  of 
dams,  large  and  small,  mainly  resides  in  the  actual  rock  mass  properties  and 

*  A  summary  of  Dr.  Kalman  Kovari's  presentation  by  James  Varriner, 

Geotechnical  Laboratory,  US  Army  Engineer  Waterways  Experiment  Station. 
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behavior.  For  these  reasons,  it  is  now  common  (or  should  be)  to  continuously 
monitor  the  structure  and  its  foundation  throughout  its  service  life.  One  of 
the  most  useful  forms  of  monitoring  is  that  of  deformation  measurement,  ■^r 

3.  Deformation  monitoring  of  dams  and  their  foundations  may  have  three  basic 

purposes: 

a.  To  check  (confirm)  normal  behavior  providing  a  measure  of  confidence 
and  checking  the  validity  of  the  main  design  assumptions. 

b.  To  allow  early  recognition  oi  deviations  from  the  normal  behavior. 

c.  To  find  the  cause  or  causes  of  the  unexpected  behavior. 

In  stability  evaluations,  emphasis  is  placed  on  the  second  and,  most  strongly, 
on  the  third  of  these  purposes.  Therefore,  it  is  to  be  expected  that  addi¬ 
tional  instruments  and  observations  will  be  required  for  a  structure  showing 
unexpected  behavior  during  its  service  and  well  after  its  construction.  I'nfor- 
tunately,  the  critical  volume  of  interest,  the  foundation  rock,  is  covered  up 
by  the  massive  structure  itself.  If  we  are  lucky,  there  are  nearby  out¬ 
croppings  on  which  we  may  observe  areas  of  the  rock  and  its  charac teri st ics , 
but  those  observations  will  only  be  indirect  indicators  of  the  rock  under  the 
structure.  They  are  far  better  than  nothing  at  all  hut  the  rock  defects 
causing  erratic  behavior  are  highly  localised  and  must  he  examined  and 
instrumented  directly. 

4.  Generally,  only  a  very  few  displacement  vector  components  from  selected 
points  on  the  structure  or  in  boreholes  will  be  achieved  by  standard  instru¬ 
mentation  programs.  This  sparsity  cf  data,  when  compared  with  the  wealth  of 
information  provided  by  sophisticated  analysis  methods  like  the  finite  ele¬ 
ment,  is  a  severe  restriction  on  the  meaningful  application  of  those  methods. 
Such  limited  measurements  may  be  referred  to  as  "point-wise  observations."  As 
long  as  the  size  and  direction  of  the  observed  displacements  are  acceptably 
close  to  that  of  the  predicted  ones  the  "point-vise  observations"  fulfill 
their  purpose.  However,  in  the  instances  of  exceptional  behavior,  the  situa¬ 
tion  is  completely  different.  Hidden  details  like  particular  joints  or  weak 
zones  that  are  relatively  distant  from  the  points  of  observation  might  play  a 
crucial  role.  The  concept  of  "line-wise  observat ion, "  along  with  high  preci¬ 
sion  instrumentation,  will  supply  a  larger  and  more  meaningful  amount  of 
information  and,  thus,  may  provide  the  key  to  proper  understanding  of  complex 


geotechnical  situations,  their  causes  and  effects.  "Line-wise  observation" 
means  measuring  the  distribution  of  a  deformation  quantity  along  a  line. 
Borehole  inclinometer  devices  that  measure  inclinations  while  traversing  the 
borehole  are  examples  of  current  "line-wise  observation"  technology.  Anchored 
extensiometers ,  whether  single  element  or  multiple  element,  are  examples  of 
"point-wise  observation"  in  that  their  measurement  points  are  the  fixed 
anchors  in  the  borehole. 

5.  Consider  a  borehole  as  a  measuring  line  inside  a  rock  mass.  If  the  mass 
deforms,  then  the  line  will  also  deform.  The  more  we  know  about  those  measur¬ 
ing  line  deformations,  the  more  we  know  about  the  deformations  of  the  volume 
of  the  medium  surrounding  the  line.  We  may  affix  points  along  the  measuring 
line  and  measure  their  movements  relative  to  the  end  of  that  line.  That  is 
then  the  extensiometer  concept.  However,  each  of  those  separate  measurements 
of  movement  incorporates  all  deformations  in  the  intervening  length.  The 
pointwise  exter.s iometer  is  essentially  an  integrated  measurement  of  displace¬ 
ment  only,  and  limited  in  scope  as  well.  More  meaningful,  both  in  terms  of 
localization  of  measurements  and  in  terms  of  available  quantities  of  data 
points,  would  be  a  measurement  scheme  directed  towards  the  differential  of 
axial  displacements  which  is  axial  strain.  Differential  measurements  of  axial 
strain  within  a  measuring  line  are  achievable  using  modern  instrumentation 
design  and  fabrication.  A  device  which  uses  the  concept  of  differential 
measurements  of  strain  within  solid  media  is  the  borehole  micrometer. 

6.  The  borehole  micrometer  is  a  1  meter  long  probe  with  a  spherical  head  at 
each  end.  The  device  is  lowered  into  a  borehole  to  specific  measurement  loca¬ 
tions  at  each  of  which  is  a  pair  of  conical  seats  1  meter  apart  fixed  within 
the  casing  and  through  grout  to  the  rock  mass.  When  the  probe  is  made  to  seat 
its  spherical  end  pieces  in  the  conical  seats,  an  internal  transducer  measures 
the  actual  separation  of  those  seats  to  the  nearest  3  micrometers.  Consider¬ 
ing  the  nominal  base  length  over  which  the  differential  is  measured  is  1  meter, 
then  the  axial  strain  of  the  borehole  (and  therefore  the  strain  of  the  sur¬ 
rounding  rock)  is  measured  with  an  accuracy  of  3  x  10  This  is  sufficient 
accuracy  for  stress  measurements  to  the  nearest  130  psi  in  typical  rocks,  or 
for  detection  of  very  minute  rock  joint  openings  as  overlying  structures  are 
loaded . 
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Differential  borehole  axial  strain  measurements  using  the  borehole  micro¬ 
meter  device  have  been  made  beneath  many  types  of  structures  and  have  been 
used  to  locate  individual  joints  and  weak  zones  which  were  critically  involved 
in  exceptional  behavior  of  those  structures. 

8.  At  the  Kolnbrein  arch  dam  in  the  Austrian  Alps,  subsurface  rock  strain 
measurements  indicated  not  only  a  change  in  deformation  magnitudes  with 
increasing  water  levels,  but  also  a  major  redistribution  of  stresses  in  the 
foundation  rock.  If  was  concluded  that  there  was  an  unexpected  reduction  of 
the  compression  zone  in  rock  beneath  the  upstream  toe  of  the  dam  caused  by  a 
simultaneous  decrease  in  the  load  transfer  surface  at  the  base  and  a  change  in 
inclination  of  the  dam  thrust  to  increase  shear  forces  relative  to  normal 
forces. 

9.  The  Albigna  gravity  dam  in  the  Swiss  Alps  demonstrated  cracks  in  several 
monoliths  that  propagated  down  into  the  rock  foundation.  3y  the  use  of  sub¬ 
surface  rock  strain  measurements,  a  pair  of  active  rock  joints  were  identified 
that  were  opening  and  closing  by  as  much  as  3.86  mm  per  meter  with  changes  in 
water  level.  The  joints  were  later  found  to  daylight  on  the  reservoir  bottom 
near  the  toe  of  the  dam.  Stress  field  interpretations  of  the  borehole  strain 
data,  together  with  verification  of  no  other  joints  opening  and  closing, 
allowed  confirmation  of  the  dam's  stability  and  close  control  of  remedial 
grouting  to  stop  the  underseepage  through  the  pair  of  opening  joints. 

10.  In  his  presentation  Dr.  Kovari  briefly  outlined  some  modern  consider¬ 
ations  in  the  evaluation  of  behavior  and  safety  of  large  structures  built  on 
rock.  He  also  described  the  concepts  of  measuring  strains  directly  in  in  situ 
rock  as  opposed  to  simply  measuring  displacements.  Addi tionally ,  the  instru¬ 
mentation  means  for  measuring  those  in  situ  strains  were  described. 
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COMMENT?  OS  A  PROPOSED  INVESTIGATION  01  LATERAL  EAPTH 
PRESSURES  EXERTED  BY  BACKFILLS 

Wayne  Clough 

Virginia  Polytechnic  Institute  and  State  University 

1.  The  rehabilitation  of  navigation  structures  requires  consideration  oi  the 
lateral  earth  pressures  acting  upon  the  structure.  Typical  assurr.pt  ions  for 
earth  pressure  loadings  usually  fellow  patterns  dictated  by  classical  theories. 
For  example,  at-rest  pressures  with  a  simple  triangular  distribution  are  often 
used.  Although  it  has  been  known  i or  some  time  that  actual  earth  pressure 
distributions  are  more  complex  than  this,  in  many  cases  it  is  expedient  to  use 
the  simplest  approach,  and  experience  suggests  that  this  approach  is  usually 
conservative.  However,  the  problem  of  the  navigation  structure  is  one  where 
the  simplest  assumption  is  not  likely  the  best  one,  ana  because  the  assumed 
lateral  pressures  significantly  impact  the  economics  of  rehabilitation,  the 
problem  deserves  study  under  the  Repair,  Evaluation,  Maintenance  ana  Rehabil- 

2.  When  considering  a  navigation  structure,  there  are  many  factors  that  poten¬ 
tially  cause  the  lateral  earth  pressures  to  deviate  from  conventional 
assumptions : 

a.  Compaction  effects  and  long-term  creep  in  the  backfill. 

b.  Cyclic  movement  of  the  structure  walls  due  to  alternating  water  levels 
and  temperature  effects. 

c.  Structural  shapes  that  deviate  from  that  of  the  simple  retaining  wall. 

d.  Backfill;  that  are  placed  in  cut;  cl  limited  extent  in  natural 
materials  adjacent  to  the  structure. 

Depending  upon  which  combination  of  the  factors  dominates  anv  particular 
problem,  the  lateral  earth  pressure  resultant  may  be  either  larger  or  smaller 
than  those  of  the  at-rest  type  assumption.  Tn  many  cases,  the  earth  pressure 
distribution  is  also  likely  to  deviate  from  normal  assumptions,  thus  affecting 
deliberations  about  overturning  and  moment  distribution. 
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ENGINEERING  TECHS  i  CM.  LETTER  ,  "STAB  I !  i  TY  CRITERIA 
FOR  REHAB  i  EITATION  OF  NAVIGATION  CONCRETE  STRUCTURES" 

M.  F.  I.ee 

Directorate  of  Engineering  and  Construction 
Office,  Chief  ol  Engineers,  I'F  Army 

SUMMARY 

A  copy  of  the  draft  Engineering  Technical  Tetter  (ETL)  was  handed  out  to 
attendees.  Mr.  Lee  talked  about  the  purpose,  background,  and  contents  of  the 
FT!.  The  goal  was  to  get  Che  FIT  published  by  January  1R86.  Pittsburgh  Dis¬ 
trict  personnel  were  still  working  on  the  section  of  the  ET1  on  rock  anchors 
at  the  tine  of  the  Workshop.  The  draft  ETE  that  was  distributed  at  the  Work¬ 
shop  is  provided  ;:s  Appendix  B.  This  draft  E'Yi  is  continuing  to  be  revised 
and  should  not  tie  used  without  HOl'SACE  fOCE'.i  consent. 


.! .  Achieving  Che  objective  of  an  improved  earth  pressure  prediction 
technology  will  require  studies  along  several  different  lines  with 
complementary  ends: 

a.  Measurements  of  lateral  backfill  pressures. 

b.  Studies  of  lateral  pressures  using  reasonably  sized  laboratory  model 
systems . 

c.  Analytical  studies  of  full-sized  navigation  structures  using  modern 
finite  element  technology. 

The  first  of  these  is  needed  to  develop  confidence  in  the  results  of  the  model 
ard  analytical  investigations.  No  reasonable  engineer  would  undertake  major 
changes  in  the  assessment  procedures  for  earth  pressures  based  only  upon  lab¬ 
oratory  or  analytical  methods.  Measurements  of  loads  acting  on  prototype 
structures  is  a  key  ingredient  in  developing  confidence  in  any  new  findings 
that  might  be  generated.  The  second  task,  model  studies,  will  be  important 
since  they  can  allow  careful  measurement  of  earth  pressures  in  a  controlled 
environment.  In  addition  to  the  question  of  lateral  pressures,  per  se,  they 
offer  the  opportunity  for  full-scale  testing  of  any  devices  proposed  to 
measure  pressures  in  the  backfill  or  stresses  acting  on  the  structure. 

Finally,  the  finite  element  analyses  described  for  the  third  task  are  useful 
because  they  can  generate  information  efficiently  on  large  numbers  of  relative 
parametric  etiects.  The  analyses  can  be  calibrated  by  the  results  of  the 
other  two  phases  of  the  overall  study  program.  The  results  of  the  finite 
element  analysis  will  be  particularly  useful  because  they  can  be  molded  into  a 
simplified  design  method  through  charts  and  personal  computer  based  programs. 

4.  The  main  focus  of  this  document  concerns  the  first  of  the  proposed  study 
tasks,  namely,  measurement  of  earth  pressures  acting  on  existing  structures. 
The  following  paragraphs  are  devoted  to  a  discussion  of  the  issues  associated 
with  this  topic. 


Measuring  Earth  Pressures  Acting  on  Existing  Structures 


5.  Relatively  little  attention  has  been  directed  to  this  general  subject 
area,  probably  because  the  profession  has  been  more  concerned  with  building 
new  structures  instead  of  rehabilitation.  Fortunately,  it  is  not  necessary  to 
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create  an  entirely  new  technology  for  the  desired  purpose,  but  rather  to  accept 
existing  procedures  to  the  task  at  hand. 

6.  There  are  at  least  three  different  approaches  that  can  be  applied: 

a.  Perform  tests  in  the  backfill  near  the  structure  with  "active"  in  situ 
test  instruments. 

b.  Place  "passive"  instruments  in  the  backfill. 

c.  Identify  those  cases  where  earth  pressure  cells  are  installed  on 
navigation  structures,  and  directly  measure  lateral  pressures. 

Backfill  Tests  with  "Active"  In  Situ  Devices 


7.  In  this  text,  the  term  "active"  in  situ  device  is  meant  to  apply  to  a 
device  that  is  inserted  into  the  backfill,  and  which  expands  or  presses 
against  the  soil  in  the  test.  Instruments  in  this  category  for  which  we  have 

a  good  experience  base  include  the  pressuremeter  and  the  Marchetti  dilatometer. 

8.  The  idea  for  this  work  task  would  be  to  utilize  present  day  instruments, 
or  slight  modifications  thereof,  to  measure  the  lateral  stress  in  the  backfill 
of  many  retaining  structures.  Assuming  that  this  is  done  near  enough  to  the 
structure,  the  soil  pressures  should  he  the  same  as  those  acting  on  the  struc¬ 
ture.  Because  of  the  recent  advances  in  in  situ  testing  technology,  it  would 
appear  that  this  task  can  be  achieved  in  many  cases  using  available  or 
slightly  modified  instruments. 

9.  Active  in  situ  devices  for  which  there  if;  good  experience  in  measuring 
lateral  stresses  in  soils  include  various  types  of  pressuretneters ,  and  the 
Marchetti  dilatometer  (5)*.  It  may  also  be  possible  to  include  in  this  cate¬ 
gory  tlie  concept  of  hydraulic  fracture,  but  this  procedure  would  have,  at 
most,  only  a  limited  range  of  applicability  for  the  backfill  situation. 

10.  Pressuremeter  technology  has  come  a  long  way  since  the  introduction  of 
the  original  Menard  pressuremeter  in  1955.  Several  new  versions  of  the  pres¬ 
suremeter  have  been  introduced,  and  considerable  improvements  have  been  made 


,v  Numbers  refer  to  References  found  at  the  end  of  this  paper. 


in  the  manner  in  which  measurements  are  made  during  the  test,  leading  to  both 
better  quality  test  data,  as  well  as  additional  information  not  available 
before.  The  basic  Menard  pressureme ter  test  involves  preboring  a  hole, 
inserting  the  probe  into  the  hole,  and  expanding  the  probe  while  measuring  the 
volume  of  hole  and  the  pressure  applied  to  the  probe  membrane.  Unless  special 
measures  are  taken,  this  approach  has  historically  been  found  to  be  lacking  in 
accuracy  and  repeatability  in  determining  lateral  stresses  (8).  The  self¬ 
boring  pressuremeter ,  introduced  in  the  early  1970's,  has  been  found  to  lead 
to  more  reliable  lateral  stress  measurements  (1,  4,  9).  It  would  appear  to 
have  potential  for  the  application  anticipated  for  this  work  and  warrants 
additional  discussion. 

11.  It  is  not  possible  to  review  the  many  papers  that  have  been  published  on 
the  seif-boring  pressuremeter.  Useful  summaries  are  given  in  references  I,  2, 
4,  7  and  9.  Some  key  characteristics  are  as  follows: 

a.  Is  well  adapted  to  the  use  of  automatic  data  acquisition  systems. 

b.  Can  be  used  to  measure  the  lateral  stress  in  several  directions  in  a 
soil  in  one  test. 

c.  Interpretation  of  the  results  for  lateral  stress  is  simple. 

d.  Test  results  can  be  used  to  determine  soil  strength  and  stillness  in 
addition  to  lateral  stress. 

Limitations  with  the  sell-boring  instrument  are  primarily  related  to  problems 
with  probe  advance  in  very  stiff  clays  and  gravelly  soils.  Improvements  have 
been  made  in  these  areas  with  the  introduction  of  new  drilling  techniques  and 
the  use  of  directed  jetting  as  an  alternative  to  drilling  the  probe  in  place. 
However,  for  some  cases,  such  as  gravelly  soils,  self-boring  is  impossible. 
Such  conditions  call  for  the  preboring  or  driving  open  the  hole  for  the  pres¬ 
suremeter.  If  prebcring  or  driving  is  done  with  care,  ana  the  tests  are 
designed  properly,  In  many  Instances  reasonable  measurements  can  be  obtained. 
1o  be  able  to  derive  the  degree  of  confidence  that  is  needed,  additional 
testing  would  be  useful  to  check  the  accuracy  of  pressuremeter  measurements 
when  preboring  or  driving  is  used  to  open  the  hole.  This  will  he  possible  if 
the  in  situ  probe  evaluation  is  combined  with  the  model  testing  effort  as  is 
described  subsequently. 
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12.  Although  the  self-boring  pressuremeter  is  probably  the  best  method  for 
determining  in  situ  stress  in  soil,  other  techniques  are  showing  promise, 
particularly  in  difficult  soil  conditions.  Of  the  new  methods,  most  of  the 
experience  has  been  with  the  Marchetti  dilatometer.  This  device  relies  on 
empirical  procedures  to  obtain  lateral  stress,  since  the  probe  disturbs  the 
ground  as  it  is  inserted.  Recent  experience  in  measuring  lateral  stresses  in 
gravelly  sands  at  Lock  and  Dam  26  using  the  dilatometer  showed  that  this 
device  gave  values  which  were  more  consistent  than  those  obtained  by  other 
techniques  (3).  The  dilatometer  is  attractive  because  it  is  very  rugged  and 
strong.  Because  most  of  the  research  with  the  dilatometer  has  been  in  uniform 
soils,  research  is  needed  to  determine  exactly  what  its  capabilities  are  in 
the  types  of  material  used  for  structural  backfills. 

13.  To  this  writer's  knowledge,  there  have  only  been  two  cases  where  active 
type  in  situ  probes  have  been  usee}  to  measure  lateral  earth  pressures  in  an 
environment  such  as  a  retaining  structure  backfill  (2,  3).  Although  both  of 
these  test  programs  were  relatively  successful,  the  experience  base  is  limited. 
Before  field  testing  is  done  for  the  REMR  program,  controlled  tests  should  be 
conducted  using  the  most  promising  of  the  in  situ  probes.  Such  a  program  ot 
tests  could  be  linked  to  the  model  tests  that  are  recommended  as  a  part  of  the 
larger  investigation  of  lateral  pressures.  If  the  model  tests  are  of  suitable 
size,  in  situ  tests  could  be  performed  directly  in  the  backfill  of  the  model 
and  checked  against  known  pressure  conditions. 

Pressure  Measurements  in  Backfills Using  "Passive11  Instruments 


14.  Passive  type  instruments  are  those  that  are  used  to  measure  lateral 
stresses  in  soils  without  any  movement  of  a  membrane  or  any  other  part.  These 
devices  are  inserted  into  the  ground  and  remain  in  place  until  ar  equilibrium 
is  reached.  The  amount  of  time  required  before  the  equilibrium  is  reached 
varies  depending  upon  the  type  of  soil  and  the  method  used  for  insertion. 
Examples  of  the  passive  type  of  device  are  the  Gloetx)  cell  (7),  the 
Camkometer  (9),  and  the  lateral-stress  cone  (6). 

15.  The  Cloetzl  cell  and  the  lateral-stress  cone  are  inserted  by  pushing  them 
into  the  ground.  This  presents  a  problem  in  stiff  or  gravelly  soils,  ard 
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there  is  little  that  can  be  done  to  overcome  it.  Because  of  this  limitation, 
the  Gloetzl  cell  is  used  only  in  soft  to  medium  clays.  The  lateral-stress 
cone,  which  has  only  recently  been  introduced,  can  be  used  in  more  difficult 
conditions  than  the  Gloetzl  cell,  since  it  has  a  comedo  like  -hape,  and  it 
can  be  designed  to  withstand  high  thrust  loads.  Ihis  has  an  added 

advantage  in  that  the  thrust  readings  during  insertion  can  be  used  in  empiri¬ 
cal  correlations  to  estimate  soil  properties  other  than  strength.  However, 
experience  with  the  lateral-stress  cone  is  limited,  and  further  testing  is 
needed  before  it  can  be  used  with  confidence. 

!6.  The  Camkometer  ma\  be  thought  of  as  a  self-boring  pressuremeter  without  a 
membrane  or  ary  capability  to  load  the  soil.  It  has  load  cells  to  measure  the 
pressure  acting  against  the  sides  of  the  probe.  The  Camkometer  has  not  found 
much  use  in  geotechnical  engineering  because  most  engineers  would  prefer  to  use 
the  self  boring  pressuremeter  inasmuch  as  it  can  be  used  to  get  information  on 
both  lateral  stresses  and  the  soil  strength. 

17.  Of  all  of  the  passive  type  instruments,  the  lateral-stress  cone  appears  to 
be  the  best  candidate  for  use  in  the  REMR  research  program.  Should  it  be 
included  as  a  candidate,  it  should  be  integrated  into  the  test  effort  in  the 
model  testing  phase  so  that  it  can  be  evaluated  directly  against  the  active 
type  probes.  This  is  particularly  important  for  the  lateral-stress  cone  since 
it  is  a  very  recent  deve 1 opmeni  and  has  not  been  subjected  to  extensive 
scrutiny. 


Hart!)  Pressure  Cell  Measurements 

18.  Earth  pressure  cells  embedded  in  the  walls  of  retaining  structures  have 
been  used  on  a  number  of  occasions  to  measure  lateral  stresses.  Of  course,  to 
use  earth  pressure  cells,  they  must  be  installed  prior  to  backfilling.  Thus, 
earth  pressure  cells  have  little  application  in  specific  cases  of  rehabilita¬ 
tion  since  they  have  been  rarely  installed.  However,  there  are  some  instances 
where  earth:  pressure  cells  can  find  application.  First,  in  the  few  cases 
where  earth  pressure  cells  have  been  installed  in  navigation  structures  (e.g., 
Port  Allen  and  Old  River  Locks),  the  cells  could  be  read  again  to  assess  long¬ 
term  earth  pressures,  assuming  that  the  cells  are  still  operative.  Second,  in 
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the  future  when  a  new  structure  is  to  be  built,  earth  pressure  cells  could  be 
installed  with  a  monitoring  program  designed  to  capture  those  data  which  are 
deemed  useful  to  the  issue  of  lateral  loading.  These  data  could  be  particu- 
1 a r J v  useful  in  establishing  a  pro totvpe  baselin e  which  could  complement  the 
i n forma t i on  determined  by  the  other  techniques. 

! 4 .  Final i\ ,  if  it  is  determined  that  the  earth  pressure  cells  on  some  exist¬ 
ing  structure  are  in  working  order,  this  would  offer  an  opportunity  to  field 
test  the  best  of  the  in  situ  probes.  The  lateral  pressures  measured  by  the 
probes  could  he  checked  against  the  values  recorded  by  the  eartii  pressure 

ce  :  Is. 


General  Comments 


JO.  Measurement  of  the  earth  pressures  acting  on  the  walls  of  navigation 
structures  is  of  value  in  view  ol  the  complex  nature  of  the  problem  ard  its 
importance  t  ■■  t  he  issue  of  how  to  rehab: 1 i fate  older  units.  Direct  measurement 
of  the  pressures  is  only  possible  where  earth  pressure  cells  were  fortuitously 
installed  during  construction .  I’n f or t una t el y ,  this  has  been  done  in  few  cases, 
and  even  'ewe:  of  these  are  still  operable.  This  leads  to  the  need  for  deter- 
pinn-g  the  pressures  by  means  of  measurements  of  the  lateral  stresses  in  the 
hack :  :  I  ’  s  near  tilt*  structures.  Manv  instruments  have  been  proposed  for  the 
nurpi'se  o;  determining  lateral  stresses  in  soils  in  an  at-rest  state.  Of 
these,  the  prossnremet  or  ! sol f -boring  and  nonse 1 f-hor i ng )  ,  the  dilatemeter, 
and  the  ' ater.i  1 -s t ress  cone  would  appear  to  have  potential  for  addressing  the 
pm!'  or:  .  ■ i  measuring  pressures  in  retaining  structure  backfills. 

11.  1:  the  soils  in  the  backfills  are  not  gravelly,  the  self-boring  pressure- 

wet  t  r  would  appear  to  provide  one  of  the  best  options.  Tn  softer  soils  and 
sands,  a  self-boring  advance  could  readily  be  used.  In  stiffer  clays  and 
silts,  the  majority  of  the  advance  could  be  achieved  with  preboring,  and  self¬ 
boring  used  only  for  the  final  stages  before  the  test  depth.  Alternative  pro¬ 
cedures  using  roller  hits  and  high-pressure  jetting  are  in  the  process  of 
development.  In  gravelly  soils,  preboring  and/or  roller  bit  drilling  would  be 
required,  although  in  such  instances,  disturbance  may  be  a  problem.  It  is 
also  possible  that  the  conventional  pressuremeter  may  suffice  in  cases  where 
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gravels  and  cobbles  are  present.  Testing  el  the  different  appro aches  in  a 
laboratory  model  test  apparatus  can  help  resolve  the  issue  oi  how  much 
disturbance  is  likely  to  occur. 

22.  Both  of  the  other  candidate  probes,  the  dilatometer  and  the  lateral- 
stress  cone,  involve  insertion  by  pushing.  This  inherently  leads  to  a  curia  i 
degree  of  disturbance,  and  thus,  these  methods,  are  theoretically  not  as  noon  - 
rate  as  the  self-boring  pressuremeter .  However,  in  more  ditticult  environ¬ 
ments,  such  as  gravelly  soils,  the  dilatometer  or  the  iatera 1 -stress  cone  aa . 
prove  advantageous.  Testing  in  a  laboratory  environment  is  needed  to  help 
sort  out  the  accuracy  that  can  be  achieved  in  this  task. 

23.  The  program  of  checking  out  candidate  in  situ  testing  probes  should  !■•• 
coordinated  with  reasonably  sized  model  tests  of  an  instrumented  retaining 
structure.  In  this  way,  the  probes  can  lie  u> ed  direct  1 v  to  determine  pres 
sures  in  the  model  backfill,  art'  the  data  can  be  compared  to  the  pressures 
measured  that  act  on  the  wall  itself.  These  t-pes  of  tests  will  also  o  ttoy 
for  the  possibility  of  modification  >■!  the  probes  to  enhance  their  capability 
to  measure  hack! ill  pressures. 

24 .  Field  trials  of  the  candidate  probes  might  well  be  carried  out  at  a  site 
where  a  navigation  structure  has  operating  earth  pressure  cells.  This  will 
provide  a  prototype  check  on  the  capability  ol  any  device  to  measure  the  ei:t 
pressures  acting  on  the  structure. 

25.  Finally,  it  is  realized  that  in  many  cases,  the  back: '  1  -  of  navi  gat  ion 
structures  are  composed  of  rocky  materials,  and  such  circumstances  are  prob¬ 
ably  beyond  the  capability  of  in  situ  stress  mensurenerH  technology.  In  this 
type  of  environment ,  not  only  is  it  difficult  to  introduce  a  probe  ini  '  t  In- 
ground,  but  also  the  point  to  point  contact  of  the  rock  l ragmen ts  rakes  it 
almost  impossible  to  find  a  location  where  stresses  can  be  measured.  However 
it  is  the  opinion  of  this  writer  that  a  great  deal  can  he  learned  about  the 
earth  pressures  acting  cn  navigation  structures  by  making  measurements  :or 
those  cases  where  conditions  are  suitable.  Using  reasonable  judgement,  these 
measurements  can  provide  key  information  for  the  purpose  of  extrapolating,  to 
problems  where  earth  pressures  cannot  bo  measured. 

1  15 


L 


References 


(1)  Campanella,  R.  G.,  and  Robertson,  P.  K. ,  "State-of-the-Art  in  In  Situ 
Testing  of  Soils,  Developments  Since  1978,"  Paper  Presented  at  the  Con¬ 
ference  on  Updating  Subsurface  Sampling  and  Testing,  Santa  Barbara, 
California,  January,  J982. 

(2)  Clough,  G.  W. ,  and  Denby,  C.  M.,  "Self  Bering  Pressuremeter  Study  of  San 
Francisco  Bay  Mud,"  Journal  of  the  Geotechnical  Division,  American 
Society  of  Civil  Engineers,  Vol .  106,  No.  GT1  ,  January,  I960,  pp .  45-63. 

13)  Clough,  G.  W.  ,  and  Goeke,  P.  M. ,  "in  Situ  Testing  for  Lock  and  Dam  26 
Cellular  Cofferdam,"  American  Society  of  Civil  Engineers  Specialty 
Conference,  To  Be  Held  June  1986. 

14)  Jamiolkewski ,  M. ,  Lada,  C.  C.,  Germaine,  J.  T.,  and  Lancelotta,  P.,  "New 
Developments  in  Field  and  Laboratory  Testing  for  Soils,"  Proceedings , 

11th  International  Conference  on  Soil  Mechanics  and  Foundation 
Engineering,  Vol.  1,  1985,  pp.  52-154. 

(5)  Marchetti,  S.,  "ln-Situ  Tests  by  Flat  Dilatometer , "  Journal  oi  the  Geo¬ 
technical  Engineering  Division,"  Vol.  106,  N'o.  GY3,  March,  1980, 

pp.  299-321. 

(6)  Mitchell,  J.  K.,  Personal  Communi cat  ion ,  1983. 

(7)  Mitchell,  J.  K.,  Guzikowski,  F.,  and  Villet,  k.  C.  B. ,  "The  Measurement 
of  Soil  Properties  Ir.-Situ,"  LBL  Report  6363,  Iawrence  Berkeley  Labora¬ 
tory,  University  of  California,  Berkeley,  California,  March  1978. 

(8)  Tavenos,  F.  A.,  Blanchette,  G. ,  Leroueil ,  S.,  Roy,  M.,  and  LaRochelle,  P., 
"Difficulties  in  the  In  Situ  Determination  of  ky  in  Soft  Sensitive  Clays," 
Proceedings ,  American  Society  of  Civil  Engineers  Conference  on  In  Situ 
Measurement  of  Soil  Properties,  Vol.  1,  Raleigh,  North  Carolina, 

June  1975,  pp.  450-476. 


136 


(9)  Vroth,  C.  P.,  and  Hughes,  J.  M.  0.,  "An  Instrument  for  the  In  Situ  Mea¬ 
surement  of  the  Properties  of  Soft  Clays,"  Report  CUED/C  -  SOILS  TR13, 
Iniversity  of  Cambridge,  England,  1972. 


strength  sf lection  procedures  am;  the  pse  or  tpk.sk  paramkieks  for 

EVA  I  UATING  THE  STAB  1  LI  Tv  OF  EXISTING  CONCRETE  STRUCTURES 


CHAIRMAN:  Glenn  Nicholson,  WESgK-.N 
RECORDER:  Ilari  N.  Singh,  NCDED-C 

MEMBERS  :  Marve  Simmons,  OkDN-C 
Frank  l-.'.av.  r,  I.MVLi'-G 

l.avane  Dempsey,  NCDi -r 
Jack  herezr.iak,  NYbK.-F 
I.  love  Oliver,  SAMEN-IH 
Charles  Canning,  ORLED-C 
John  Speaker,  ORLFI'-l) 

John  Crihar,  ORPEb-DM 

Stuart  Long,  PFPFD-GG 

Larry  Srh.laht,  MROEIJ 

Garrett  Johnson,  Ni’SEN-DB 

Charles  Powding,  Northwestern  Iniversity 

Goals  oi  t lie  Working  Group 

1.  Summarise  the  present  procedures  lor  determining  parameters  f or  the  pur¬ 
pose  of  computing  the  driving  and  resisting  forces. 

2.  identify  shortfalls  it:  the  present  procedure;,  for  the  purpose  of  evaluating 
the  stability  of  existing  concrete  structures  on  rock. 

3.  Recommend  potential  solutions  to  overcoming  the  identified  .shortfalls  with 
emphasis  on  R4P  plans  for  addressing  the  problems. 


i  n rodt.c  t  i  on 


4.  Many  Corps  employees  fee!  that  conservative  analysis  procedures  and  shear 
strength  parameter  selection  procedures  r-re  the  chief  teasons  that  some  aging 
Corps  structures  have  calculated  stability  safety  factors  less  than  desirable. 
Available  guidance  does  not  provde  any  information  as  to  the  material  parame¬ 
ters  for  which  the  required  factor  of  safety  is  related.  If  resiuual  stieiigths 
are  used,  the  factor  of  saletv  should  possibly  be  lower  than  J.O.  Adding 
additional  stability  to  an  existing  structure  is  costly  and,  therefore,  should 
net  be  done  unless  it  is  truly  needed.  The  calculated  safety  : actor  against 
sliding  of  a  concrete  structure  on  rock  is  ver\  sensitive  to  the  shear  strength 
parameters  selected  for  the  analysis.  This  report  presents  the  discussion  and 
findings  of  the  w'orking  group  on  the  selection  of  shear  strength  parameters. 

Present  Procedures 


5.  The  most  common  approach  for  obtaining  shear  strength  parameters  for  analy¬ 
sis  of  stability  oi  structures  on  rock  inv.  b'is  several  steps: 

a.  Determination  of  potential  failure  planes. 

b.  Retrieving  undisturbed  samples  from  the  potentia'  failure  rent. 


c.  \'bt  ing  specimens  prepared  from  undisturbed  samples. 

d.  Selection  of  failure  criteria. 

e.  Evaluation  of  shear  strength  parameters  to  be  used  in  design. 

This  approach  of  obtaining  strength  parameters  is  known  as  the  Testing  Approach 
and  it  is  used  by  the  Corps  of  Engineers  in  some  form.  There  are  two  other 
approaches  known  as  the  Rational  Approach  and  the  Empirical  Approach  for  eval¬ 
uation  of  shear  strength  parameters.  These  have  not  been  used  by  tiie  Corps. 
Detailed  discussions  on  these  approaches  are  given  elsewhere  in  this  report. 

6.  Although  the  Corps  of  Engineers  uses  the  Testing  Approach,  there  are  no 
guidelines  regarding  selection  of  appropriate  test  samples,  selection  of  fail¬ 
ure  criteria,  and  design  shear  strength  parameters.  Guidance  on  how  to  select 
failure  criteria  has  not  been  published  and  consequently  has  led  to  a  wide 
variation  in  choice  of  design  parameters.  For  example,  some  divisions  use 
peak  strength  parameters;  whereas,  others  are  using  residua1  strength  parame¬ 
ters  and  still  others  use  some  intermediate  value  between  peak  and  residual. 
Definitive  guidance  is  needed  on  when  peak  strength  parameters  or  residual 
strength  parameters  are  to  be  used,  or  when  some  value  between  the  two  should 
be  used  and  on  how  this  value  is  tc  be  selected.  Because  of  the  lack  of  guide¬ 
lines  on  selection  of  test  samples,  shear  strength  parameters  are  obtained  by 
(a)  testing  cores  of  intact  rock  and  (b)  determining  the  friction  between 
sawed  unweathered  rock  surfaces  prepared  by  a  diamond  saw.  N'o  regards  are 
given  to  the  rock  mass  discontinuities  even  though  they  may  form  part  of  the 
potential  failure  plane.  The  strength  parameters  corresponding  to  intact  rock 
specimen  and  flat  sawn  surfaces  are  designated  as  upper  bound  and  lower  bound 
strength  parametets,  respectively.  Effects  of  asperities  and  weathering  con¬ 
ditions  of  joints  are  often  ignored  because  of  the  difficulty  and  uncertainty 
of  defining  them. 

7.  The  shear  strength  parameters  tor  the  rock-concrete  interface  are  some¬ 
times  determined  by  testing  a  specimen  prepared  by  casting  grout  on  a  rock 
specimen.  There  is  no  standard  for  preparing  specimens  for  testing  concrete- 
rock  interface  strength.  in  some  Corps  laboratories ,  specimens  are  prepared 
by  casting  grout  on  rough  sawn  rock  surfaces.  In  ethers,  fractured  rock  sur¬ 
faces  are  used.  The  different  methods  of  r-eparing  the  specimens  results  in 
considerable  variations  in  strength  parameters  for  the  same  type  of  rock  and 
grout . 

8.  Triaxial  tests  are  normally  used  ;or  testing  intact  rock,  and  strength 
parameters  are  obtained  by  drawing  Mohr  Circles  (Mohr-Coulomb  failure  cri¬ 
teria).  The  friction  between  precut  surfaces  are  determined  by  Direct  Shear 
Tests.  Discontinuity  strength  parameters  arc  rarely  determined.  Strength  of 
gouge  materials  are  often  determined  i rom  fabricated  specimens.  In  the  case 
where  gouge  materials  cannot  be  obtained,  artificial  gouge  is  prepared  by 
crushing  the  rock  that  forms  the  joint  walls.  Test  specimens  arc  then  pre¬ 
pared  by  compacting  the  artificial  gouge  at  the  desired  compacting  effort  and 
moisture  content  based  on  the  judgment  of  the  engineer  or  geologist  in  charge 
of  the  work.  Soil  direct  shear  testing  devices  are  normally  used  to  test 
gouge  specimens.  It  is  sometimes  possible  to  determine  the  strength  of  gouge 
materials  from  sampled  specimens  or  large-scale  in  situ  tests. 


9.  It  was  the  consensus  of  the  working  group  that  the  exploration  and  selec¬ 
tion  of  representative  samples  for  determining  strength  parameters  are  not 
consistently  done.  Mostly  inexperienced  Corps  personnel,  who  have  little  idea 
of  the  sensitivity  of  the  strength  parameters  to  sample  disturbance,  make 
decisions  in  the  field  as  to  drilling  operation  and  sample  selection.  When 
exploration  is  done  by  contract,  the  situation  generally  becomes  worse  due  to 
the  tendency  to  cut  corners  in  order  to  produce  more  in  less  time.  Contractors 
seldom  perform  detailed  investigations  in  selecting  materials  for  testing. 

Gouge  materials  are  seldom  recovered  for  testing  by  some  contractors. 

Shortfalls  in  the  Present  Procedure 


Lack  of  Criteria  Regarding  Shear  Strength  Parameter  Selection 


10.  There  is  a  complete  lack  of  reference  materials  in  engineering  Manuals 
concerning  the  selection  of  shear  strength  parameters  for  analyzing  the  slid¬ 
ing  stability  of  structures  founded  on  rock.  Strength  parameters  for  various 
critical  stages  (peak  strength,  ultimate  strength,  and  residual  strength)  are 
normally  obtained  by  performing  tests  or  samples,  but  there  are  no  guidelines 
for  choosing  a  failure  criteria  or  selecting  which  strength  parameters  should 
be  used  to  calculate  the  factor  of  safety. 

11.  Each  individual  Corps  division  has  its  own  failure  criteria  based  on 
their  past  experience.  For  example,  in  Ohio  River  Division  (ORD)  residual 
strength  are  often  used  on  the  basis  of  site  specific  conditions.  Working 
group  members  from  ORD  reported  that  investigations  of  the  failures  of  the 
Uniontown  and  the  Cannelton  Cofferdams  in  1971  and  1974,  respectively,  indi¬ 
cated  that  sliding  along  presheared  clay  seams  was  responsible  for  both  the 
failures.  Because  of  the  preshearing,  the  gouge  materials  had  already 
exceeded  their  peak  strength  and  had  reached  the  neighborhood  of  residual 
strength.  From  tests  results  of  such  materials  from  several  locations  in  the 
Ohio  River  Division,  it  has  been  concluded  that  gouge  materials  in  discon¬ 
tinuities  of  the  entire  Ohio  River  Valley  are  presheared;  therefore,  it  is 
appropriate  to  consider  residual  strength  parameters  for  evaluating  sliding 
stability  of  structure  founded  on  such  discontinuities.  The  shortfall  of  this 
procedure  is  that  if  the  clay-filled  joint  is  not  daylighted  or  connected  with 
a  low— angle  fault  downstream  of  the  structure,  the  clay-filled  joint  may  not 
be  the  potential  failure  plane.  Therefore,  in  the  opinion  of  some  working 
group  members,  it  is  not  appropriate  to  use  residual  strength  parameters 
unless  the  potential  failure  planes  have  been  identified,  through  an  investi¬ 
gation,  as  clay  seams  which  are  daylighted  or  connected  with  some  low-angle 
fault  downstream.  Tn  both  cases  of  the  failures  (Uniontown  and  Cannelton) 
reported  by  ORD,  these  failure  planes  existed. 

Factor  of  Safety 

12.  Some  members  of  the  group  felt  that  using  the  same  factor  of  safety  for 
various  kinds  of  materials  is  a  shortfall  In  our  present  shear  selection  and 
design  process.  Higher  factors  of  safety  should  be  used  for  rock,  and  compara¬ 
tively  lower  factors  of  safety  should  he  used  for  soils.  All  members,  how¬ 
ever,  did  not  agree  with  this  idea.  The  strength  of  a  rock  mass  is  usually 
controlled  by  joints  and  their  filling  materials  and  thus  a  rock  mass  may  be 
less  homogeneous  than  a  soil.  Hence  it  is  not  advisable  to  apply  different 
factors  of  safety  to  rock  ar.d  soil.  All  of  the  members  agreed  that  acceptable 
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factors  of  safety  should  be  lowered  (less  than  the  currently  acceptable  value 
of  2)  if  residua]  strengtli  parameters  are  used  in  stability  analysis. 

Discontinuities,  Asperities  and  Loading  Conditions 

13.  With  the  exception  cf  major  new  projects,  the  orientation  of  discontinui¬ 
ties  with  respect  to  applied  lorces,  asperities  and  their  orientation  in  dis¬ 
continuities  are  generally  ignored  in  the  shear  strength  selection  process. 
Defining  orientations  of  discontinuities  and  asperities  is  a  very  aefinite  key 
in  establishing  strength,  parameters  for  design  or  evaluation  of  existing 
structures.  Shear  parameters  selected  disregarding  the  above  factors  are  not 
appropriate  for  evaluating  sliding  stability. 

14.  The  current  practice  of  determining  strength  parameters  by  testing  speci¬ 
mens  of  intact  lock  for  upper  bound  strength  and  testing  saw-cut  surfaces  fur 
friction  to  determine  lower  bound  strengtli  is  meaningless  for  the  purpose  or 
evaluating  sliding  along  a  discontinuity.  it  is  obvious  that  at  normal 
stresses  ranging  from  1  to  20  tsf  (stress  range  normally  encountered  in  the 
foundations  of  Corps  structures),  the  shear  strergth  of  joints  will  be  much 
lower  than  the  strength  of  unweathered  intact  rock  forming  the  joint  walls 
(Corps  upper  hound  strength);  on  the  other  hand,  the  shear  strength  exhibited 
by  the  llat  diamond  cut  surface  of  the  rock  ("Corps  lower  bound  strength)  will 
be  much  lower  than  the  actua1  strength  of  the  joint,,  featuring  i r regular  i  t i es . 
Therefore,  stability  analyses  performed  on  the  basis  of  these  upper  bound  and 
lower  bound  strengths  have  no  relation  whatsoever  with  the  actual  stability  of 
the  structure.  The  results  of  the  analyses  based  on  lower  bound  strength  are 
judged  to  be  controlling  and,  therefore,  our  evaluations  underestimate  the 
stability  of  a  structure  against  sliding.  Most  of  the  hydraulic  structure 
instability  problems  in  Worth  Central  Division  are,  in  part,  the  results  of 
this  shear  strengtli  selection  procedure.  Members  from  ORD  reported  that 
Uniontown  and  Cannelton  Cofferdams,  which  failed  in  sliding  along  weak  clay 
seams,  were  designed  on  the  basis  of  shear  strength  of  intact  rock. 

Lack  of  Definition  tor  ;  at  Salient  Strain  Values 

15.  Many  group  members  felt  that  there  is  a  lack  of  criteria  to  adequately 
define  ultimate  and  residual  strength  parameters.  Selecting  these  parameters 
becomes  subjective,  because  it  depends  upon  the  judgment  of  the  person  making 
the  determination.  To  eliminate  the  subjectivity,  criteria  should  be  estab¬ 
lished  for  these  parameters, 

Deformabi J j ty  of  Rock  Mass 

16.  Present  stability  aralysis  does  not  provide  information  regarding  move¬ 
ments  of  structures  in  iateral  as  w>ell  as  vertical  direction.  Many  group  mem¬ 
bers  expressed  their  concern  for  a  lack  of  information  on  this  type  of  movement 
arc!  cited  some  examples  where  structures  are  stardin£  intact  but  are  inopera¬ 
ble  due  to  lateral  movements.  Therefore,  they  felt  that  shear  strength  param¬ 
eters  are  not  the  only  material  parameters  needed  to  fully  analyze  concrete 
structures  on  rock;  deformabi 1 i ty  should  also  be  given  consideration.  Lateral 
movements  of  structures  (especially  of  lockwalls)  must  he  limited  to  a  value 
such  that  associated  components  of  tiie  structures  such  as  gates,  valves,  etc., 
remain  operable  and  the  structures  remain  functional. 
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Kxp  1  oration  and  Sampling 


17.  It  was  the  general  consensus  o',  the  group  that  Corps  exploration  and  sam¬ 
pling  procedures  on  some  projects  are  not  sat j  t: ! actorv .  in  some  cases,  explo¬ 
rations  are  supervised  hv  inexperienced  personnel  with  little  or  no  knowledge 
of  shear  strength  selection  procedures.  When  the  exploration  work  is  con¬ 
tracted,  the  situation  generally  becomes  worse  because  ot  the  tendency  to 
avoid  detailed  investigation  in  selecting  samples  for  testing.  When  sample s 
are  received  by  the  testing  laboratory',  there  is  generally  r.o  vay  to  verify 
their  appropriateness  as  to  the  degree  of  disturbance  and  location  along  the 
potential  failure  plane.  Some  members  cl  the  group  who  had  occasions  to 
observe  exploration  operations,  reported  that  in  some  cases,  gouge  materials 
in  discont  inui ties  obtained  with  drill  core  are  cleaned  oft  before  placing 
cores  in  core  boxes.  Thus,  testing  laboratories  receive  core  samples  for 
testing  which  are  not  representat ive  ol  the  actual  condition  of  the  rock  mass. 

18.  Current  practice  includes  obtaining  NX  cores  which  arc  only  2-1/t  in.  in 
diameter.  With  such  a  sir, a » 1 -diameter  specimen,  it  is  not  possible  to  have  a 
sample  which  includes  all  the  reck  joint  variables  controlling  the  strength 
parameters.  Therefore,  it  is  itrpossi:  le  to  determine  joint  asperities  and 
their  effects  on  strength  parameters  using  NX  core  samples.  barge  samples  are 
essential  to  evaluate  strength,  parameters  realistically.  f'eirbers  of  the 
group,  especially  iron,  OKI',  felt  that  at  least  to  b- i  n  .  -d  i  ante  t  er  cores 
shou  Id  he  tested . 

19.  With  our  present  system  ot  obtaining  samples  !  ;•  drilling  .  pe rat  ions,  it 
is  not  al wavs  possible  to  obtain  undisturbed  samples  of  weak  seams.  Gouge 
materials  are  disturbed  due  to  the  spinning  ettect  o:  the  drilling  operations 
and  the  washing  action  ol  t'-e  orilling  :!uid.  Therefore,  in  actuality,  we 
test  disturbed  samples,  and  as  such  w<*  obtain  .*  trentrtb  parameters  which  are 
lower  than  the  in  situ  values.  Sometimes  samples  of  gouge  material  can  he 
obtained  with  wire  line  or  triple  tube  corine  equipment.  With  deeply  buried 
seams  this  equipment  is  the  best  choice  l or  obtaining  gouge  material.  !  r  was 
reported  by  some  members  chat  when  gouge  mate: inis  carrot  bo  recovered  bv 
drilling,  they  are  prepared  artificially  hv  grinding  rock  cores.  Trie  strength 
parameters  ol  gouge  determined  by  this  method  do  not  repiesent  the  strength  of 
actual  gouge,  but  some  members  felt  it  provided  a  goo.:  estimate  of  the  natural 
gouge  strength. 

Testing  Procedures  and  their  Short 1  a  1  Is 

20.  Direct  Shear  Test .  Various  laboratory  test  methods  and  their  advantages 
and  shortfalls  were  discussed  in  detail.  The  Direct  Shear  lest,  the  nest  com¬ 
monly  used  test,  has  the  following  shortfalls: 

a.  Vertical  stresses  are  not  uniformly  distributed  on  the  jaflure 
sur face . 

b.  Pore  pressure  in  clav-filled  joint  cannot  he  cor. t  ro  '  led  . 

c.  Variation  it.  strength  parameters  is  obtained  fo’-  the  same  material 
tested  in  different  shear  test  devices. 

d.  Principal  stresses  are  not  known. 
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shear  strength  parameters ;  however,  there  is  potential  for  using  these 
approaches  for  small  projects  when-  the  high  cost  of  testing  cannot  be  justi¬ 
fied.  Members  of  the  group  felt  that  it  was  worthwhile  to  discuss  the  merits 
and  shortfalls  of  these  approaches  and  recommend  their  validation  by  the 
Corps.  The  Arcliambaul t-I.adarvi  Approach  needs  input  from  tests  conducted  on 
only  one  or  two  specimens.  Shear  strength  over  a  large  range  oi  stress  condi¬ 
tions  is  extrapolated  from  data  on  a  small  number  ot  tests.  The  shortfalls  of 
the  method  arc  that  t he  tests  conducted  have  to  be  in  direct  shear  mode  and 
conducted  on  large  blocks.  The  Barton  Approach  is  based  on  joint  conditions 
and  classifications  of  walls  of  joints.  The  main  shortfall  of  this  approach 
is  that  tlie  results  are  very  subjective,  because  there  is  a  Jot  of  judgment 
involved  in  classifying  joints.  Two  other  factors,  compressibility  and  dila¬ 
tion  angle,  needed  to  evaluate  the  strength  parameters  are  difficult  to  deter¬ 
mine.  Despite  the  shortfalls,  group  members  agreed  to  recommend  validation  of 
this  approach.  In  Barton's  empirical  approach,  shear  strength  is  determined  b 
the  following  equation: 

f—  — « 

-  =  -■  TRC  .og]p  “  +  :b 

where 

!  =  shear  strength  of  joint 
"  =  normal  stress  across  joint 
JRC  =  joint  roughness  coefficient  varies  from  0  to  TO 
JCS  =  joint  wall  compressive  strength 
:b  =  basic  friction  angle  ot  joint  wall 
ir  =  friction  angle  of  weathered  joints 
ib  =  fr  for  weathered  joint 

Recommenda  t i ons 

Process  of  Shear  Strength  Selection 

27.  Potential  Mode  ui  Failure.  A  detailed  geologic  mapping  (showing  joint 
orientations,  dips,  etc.,)  of  the  foundation  should  precede  obtaining  test 
samples  for  determination  of  shear  strength  parameters.  Based  on  geologic 
mapping,  appropriate  potential  failure  planes  should  be  determined.  For  this 
purpose,  approximate  location  and  orientation  of  proposed  structures  (in  the 
case  of  new  structure)  must  he  known.  For  existing  structures,  only  the 
direction  of  loading  needs  to  be  known. 

28.  Representative  Samples.  Samples  for  testing  should  be  obtained  from,  the 
zones  through  which  failure  planes  have  the  potential  to  develop.  Appropriate 
boring  techniques  should  be  used  to  retrieve  undisturbed  samples  of  weak 
seams.  Samples  of  4-inch  to  6-incf  diameter  are  more,  appropriate  than  XX  size 
cores  for  determining  shear  strength  parameter?;.  When  exploration  work  is 
done  bv  contract  drillers,  an  experienced  government  geologist  should  be  at 
the  site  to  oversee  the  exploration  work  and  to  make  decisions  related  to 
selection  of  test  samples. 

29.  Parametric  Studies.  A  sensitivity  analysis  by  varying  the  values  of 
shear  strength  parameters,  c  and  j  or  using  Barton's,  empirical  approach  and 
varying  the  Joint  Roughness  Coefficient  (.IRC)  should  be  performed  before 


embarking  upon  a  detailed  testing  program.  Ry  performing  a  sensitivity 
analysis,  one  may  be  able  to  justify  conservative  shear  strength  parameters, 
and  eliminate  costly  testing  programs  in  many  instances. 

30.  Testing  Program  Required  and  evaluation  of  Test  Results.  Based  upon  the 
sensitivity  studies,  testing  programs  should  he  designed.  If  the  sensitivity 
studies  indicate  that  the  basic  angle  of  internal  friction,  $b ,  alone  provides 
an  adequate  factor  of  safety,  it  is  rot  necessary  to  conduct  studies  or 
testing  for  asperities  of  clean  joints.  In  normal  conditions,  tests  should  be 
performed  to  determine  the  basic  friction  angle  (cbl,  residual  friction  angle 
(ir}t  asperities  angles  ( \  1  with  lespect  to  external  loads,  friction  angle  of 
gouge  materials,  etc. 

31.  Selection  of  Resign  Shear  Strength  Parameters.  Selection  of  design  shear 
strength  is  based  on  the  failure  criteria  adopted.  Consideration  should  be 
giver,  to  selecting  a  factor  of  safety  based  on  the  strength  parameters  used. 
Current  industry  practice  considers  peak  strength  as  the  failure  criterion, 
and  the  shear  strength  parameters  corresponding  to  the  peak  strength  are  used 
for  stability  analysis.  For  presheared  material,  however,  the  shear  stress 
deformation  curves  do  not  exhibit  peak  stress  and  failure  criteria  should  be 
determined  bv  consideration  of  deformation.  Since  there  is  a  complete  lack  of 
information  in  Corps  manuals  for  determining  failure  criteria  based  on 
deformation,  the  necessary  research  is  recommended  to  provide  guidelines  on 
failure  criteria  based  on  deformation. 

3d.  Progressive  Failure  Kffects.  Shear  failure  along  discontinuities  within 
a  rock  mass  is  often  accomplished  through  progressive  failure,  by  which  the 
maximum  shear  strength  is  not  mobilized  simultaneously  along  the  entire 
failure  surface  to  a  residual  shear  strength.  Gouge-filled  joints  should  be 
investigated  for  such  failure  ana  the  designers  should  be  warned  of  this 
effect . 

33.  Summary  of  Recommended  Research,  Development  ana  Standardization. 

a.  Develop  a  classification  of  joints  based  on  strength  parameters. 

b.  Conduct  research  for  the  determination  of  effective  asperity  angles, 

' ,  and  their  orientation. 

c.  Conduct  basic  research  for  obtaining  ‘ r  t  or  weathered  joints. 

d.  Standardize  testing  procedures  for  determining  shear  strength  parame¬ 
ters  for  the  concrete-rock  interface. 

e.  Standardize  special  tests. 

f.  Standardize  the  Direct  Shear  Test. 

g.  Standardize  borehole  index  tests  for  thin  soft  seams. 

h.  Validate  Barton's  Fmpirica!  Approach  to  determine  the  shear  strength 
oi  d isront i nu i t  ies  . 


i.  Develop  guidelines  on  failure  criteria  based  on  presheared  materia.1 
and  progressive  failure  conditions,  or  selection  of  a  safety  factor  based  on 
the  shear  strength  parameters  used. 


ivATioy  t:xri oration  procedures 

t  O k  SiKVCTCkl:  S'i'AiSl  i.  1  TV  EV.ALUAT  1  UN 


Cha  i  rman : 


Kero  I  t! e  r  : 
Merrbe  rs  : 


Paul  H.ulaln,  WKSGV-A  (Geophysics,  Civil  Engineering) 

Janes  h.  Warrii.cr,  WESGR-M  (Geophysics ,  Pock  Mechanics) 

Neal  H.  Godwin,  Jr.,  KWb'CO-O  (Civil  Engineering; 

Brian  Greene,  NChKD-PD  (Geology) 

bawson  E.  Jackson,  Fr.,  S'WDHD-G  (Geology,  Grouting) 
Robert  John,  OKPEP-G  (Geologv) 

Todd  Kiddle,  F.MVKn-GG  (Geology) 

Richard  Wright,  NANKN-DG  i  1  Engineering) 

Boh  Yost,  ORHEP-GG  (Geology) 

(  oa  1  s  of  t lie  Working  Group 


I.  file  theme  of  the  Working  Croup  discussion  was  foundation  exploration 
procedures  for  acquiring  test  samples  and  identifying  weaknesses  in  the 
foundation  for  evaluating  the  sliding  ant!  overturning  stability  of  existing 
concrete  structures.  The  goals  of  the  Working  Group  were  to: 

a.  Summarise  the  present  procedures,  listing  references. 

h.  tier  t  1  fy  sin  i  t  fa  lis  in  the  present  procedures. 

c.  Recommend  potential  s<  lutions  tc  overcome  the  identified  shortfalls 
with,  emphasis  on  research  and  development  plans  to  address  the 
p  rob  !  i-.i.s  . 


Introduction 


Tiie  there  ot  this  Working  Group  was  chosen  because  of  the  acknowledged 
importance  of  actual  geotneehanica!  end  geohydro  log  ical  conditions  beneath  (and 
behind'  existing  structures  In  the  realistic  determination  of  structural 
stability  and  improvement  thereof .  instabilities  may  be  hypothesized  and 
movements  may  be  observec  but,  without  actual  examination  of  the  rock-soil- 
v.ater  s vs  terns  associated  with  the  suspected  instability,  the  structural 
behavior  cat. not  he  quantified,  the  uegree  of  risk  associated  with  structural 
behavior  cannot  be  assessed,  and  the  chosen  rehabilitation  technique?  will  not 
necessarily  be  appropriate  or  economical .  The  neither s  of  the  Working  Group 
were  selected  on  the  basis  ol  their  familiarity  with  geology  as  it  affects 
err titered  structures  and  their  experience  in  the  difficulties  of  performing 
-ub -nr face  exp  1  ora t  ion  in  intimate  contact  with  major  operating  water-control 
structures.  A  typical  set  ot  c i nuns  ranees  has  beer  observed  by  all  partici¬ 
pants.  First  of  ail,  there  i  the  question  of  the  reality  of  the  perceived 
instability:  Is  tin's  decades-old  structure  in  trouble  or  were  the  rules  of 

the  evaluation  merely  changed?  1/  the  tormer,  then  there  is  a  subsurface 
condit  ion  which  can  he  targeted  by  exploration  strategy;  if  the  latter,  then 
the  geologist  engineer  is  exploring  for  a  subtle  or  intangible  end.  Second 
come  the  artificial,  but  very  real,  problems  of  imposed  policies  and  regula¬ 
tion.',:  What  are  we  a, lowed  and  what  are  we  forbidden  to  do  to  locate  the  seat 

<>;  instab  i  I  it v?  Will  the  worn  be  done  in-house  or  bv  contract?  What  contract 


terms  will  obtain  the  data  or  samples  we  need?  Why  can't  we  dewater  the  Irik 
since  it  is  the  only  way  to  get  a  geologist  on  the  floor?  Mex t  arise  problem 
exemplified  by  the  frequent  necessity  of  getting  core  drilling  apparatus  into 
confined  internal  galleries.  Finally  there  is  the  uncertainty,  common  to  all 
geological  exploration,  as  to  sufficiency  of  effort.  Though  often  controlled 
by  available  funds  and  time,  the  geologist-engineer  can  never  be  entirely 
confident  that  he  has  recovered  enough  samples  or  logs  to  fully  characterize 
geotechnical  phenomena.  Five  core  borings  or  fifty,  the  designer's  rehabili¬ 
tation  scheme  will  be  of  little  benefit  if  a  single  critically  locate'  weak 
seam  is  missed  by  the  pattern  of  holes. 

3.  To  attempt  to  counter  the  above-stated  complexities  and  barriers,  the 
Working  Group  first  discussed  the  goals  set  forth  for  its  examination  -  their 
pertinence,  the  sequence  of  their  importance,  and  how  they  relate  to  the 
subjects  of  other  Working  Groups.  The  methods  and  tools  available  for  e.'iplora 
tion  were  listed  along  with  discussions  of  their  relative  values  and  appro¬ 
priate  applications.  Procedures  for  planning  and  accomplishing  explorations 
directed  towards  obtaining  data  for  stability  evaluations  and  relinb i  1  i tat i or 
designs  were  examined  in  general  and  by  reference  to  specific  projects  within 
the  experience  of  the  participants.  Shortfalls  in  those  outlined  procedures 
were  specified  as  observed  in  specific  past  projects.  Means  by  which  the 
observed  shortfalls  have  been  overcome  were  described  by  the  individuals 
involved  and  additional  improvements  in  procedure  were  suggested.  Areas  of 
optimum  value  and  future  research  and  development  applied  to  geoexplorat ion 
within  the  REMR  program  were  outlined.  Finally,  a  statement  reporting,  the 
Working  Croup's  findings  was  prepared  tor  presentation  to  al'  Workshop 
participants. 


Assessment  of  Working  Group  Goals 

A.  The  goals  of  the  Working  Group  were  examined  for  pertinence,  priority,  an 
relationship  to  other  topics  of  the  Workshop.  Present!"  available  geoexplora 
tion  methods  applied  to  existing  structures  are  essentiallv  extensions  and 
adaptations  of  the  methods  used  in  the  predesign,  design,  and  construction, 
phases  oi  new  projects.  As  such,  they  are  described  in  a  number  of  Fr.ginee>- 
ing  Manuals  and  Technical  Letters.  Table  1  is  a  partial  listing  of  applicabl 
manuals.  Additionally,  ASTM  Standards,  public  technical  literature,  and 
private  commercial  vendors  are  all  freely  used  within  Corps  FOA's  in  perform¬ 
ing  geotechnical  exploration  programs  associated  with  existing  stnrture 
evaluations.  Thus,  examination  of  geoexplorat ion  procedures  was  acknowledged 
as  pertinent  and  having  high  priority.  However,  given  the  ready  access  c: 
engineers  to  voluminous  references  and  numerous  specialty  consultant  services 
few  shortfalls,  were  identified  in  the  application  o;  current  methods  <>: 
geoexplorat ion. 

5.  The  Working  Group  felt  that  we  have  the  tools  with  which  to  ox;  lore  and 
examine  the  area  below  and  around  existing  structure's.  Wl.at  we  do  not  have 
in-house,  we  can  hire.  But,  still  there  are  difficulties  when  we  try  to  get 
information  to  perform  stability  analyses  and  plan  repairs  or  rehabilitation 
programs.  Shortfalls  in  the  actual  accomplishment  of  geotechnical  investiga¬ 
tions  for  stability  evaluation  were  identified  as  principally  nontechnical  in 
origin  or  nature.  The  consensus  was  that  problems  generally  fell  within  the 
areas  of  administration,  communications,  and  regulatorv  complications. 
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"Short  rails,"  then,  do  exist,  though  not  necessarily  c>f  a  technical  nature. 

They  are  of  notable  importance  and  are  amenable  to  solution. 

General  Aspects  of  Geotechnical  l.xpl  oration 

6.  In  any  project  evaluation,  the  problem  must  he  defined  raid  then  t la e 
exploration  program  planned  around  that  definition.  Immediately,  the  Working 
Group  observed,  a  difficult'.'  arises  in  ascertaining  the  reality  of  a  perceived 
problem.  If  there  is  a  degree  of  reality  to  perceived  structural  problems, 
then  there  will  he  targets  at  which  the  exploration  program  car  be  aimed.  If, 
however,  there  are  no  observed  evidence?  of  structural  distress  or  if  the 
structure  has  never  ever,  been  loaded  to  analysis  case  conditions  in  which  the 
analysis  results  predict  failure,  then  the  exploration  program  must  be  directed 
toward  diffuse  and  subtle  target*  '"ghosts''  in  the  words  or  the  Group).  In 

the  former,  a  specially  directed  exploration  program  can  be  used  (i.e.,  core 
samples  oi  weak  seams).  In  the  latter,  a  more  regional  exploration  program  is 
required  (i.e.,  the  core  borings  are  more  numerous  and  placed  in  idealized 
patterns).  In  the  collective  experience  of  the  Group,  the  latter,  broad-based 
exploration  often  produces  'r.-.id  spans  of  results  -  "iuzzy"  characterizations 
ambiguous  both  in  location  ,,:,d  parametric  values.  In  the  case  of  the  general¬ 
ized  exploration,  the  engir.eer/geologist  directing  the  exploration  usually 
feels  called  on  to  use  experience  and  judgement,  coupled  with  early  results, 
to  define  the  critical  zones  or  phenomena  which  place  the  structure's  stability 
in  question. 

7.  Whatever  is  the  nature  o:  the  .opposed  critical  zone  or  phenomenon,  the 
foremost  directive  to  both  the  exp  1  ora t i on  manage:'  and  the  structural  analyst 
is  to  KNOW  THE  SITE  G!‘G! GGY .  Reports  of  prior  investigations,  whether  from 
Construction  Reports,  Periodic  Inspection  Reports  or  from  nonspecific  geologic 
studies,  are  the  single  most  '-a! uahle  types  of  guidance  in  planning  explora¬ 
tion  programs.  Experience  and  ingenuity  assist  in  locating  documented  back¬ 
ground  information.  On-site  reconnaissance  is  valuable  in  giving  definition 
to  geoexploration  targets.  it  was  f'ointed  out  that  geologists  and  engineers 
look  for  and  describe  tilings  pertinent  to  structures  differently  than  was  done 
in  the  past.  Fvidences  of  preexisting  mass  movements  are  now  actively  searched 
for  and  related  to  both  the  strut  tore  and  any  impounded  reservoir  or  channel; 
and  the  size  scale  of  "believable"  m.iss  movements  is  much  larger  than  in  the 
years  prior  to  bibhv  and  Vaiont  Dams.  Rock  joint'  and  shear  zones  are  now 
taken  as  real  and  critic, -  1  facets  o:  geology  in  terms  of  both  mechanical 
behavior  and  hydraulic  properties  te.g. ,  Mai  pas set  and  Welt  Creek  Dams). 

8.  The  role  of  geophysics  was  observed  to  be  almost  as  uncertain  as  the 
confidence  placed  in  its  results.  Some  Districts  and  Divisions  have  essen¬ 
tially  no  continuing  capability  for  an'-  geophysical  investigations,  either  in 
active  use  or  in  judging  their  applicability  or  the  value  of  their  results. 
Other  offices  actively  direct  in-b.ou.se  equipment  and  specialist  personnel 
toward  all  phases  of  exploration  and  still  others  remain  cognizant  of  the 
state  of  the  art  and  freely  engage  contracted  geophysical  services  for  complex 
problems  involving  existing  structures.  The  lower  .Mississippi  Valley  Divi¬ 
sion  (LMVD)  routinely  uses  electric  logs  as  a  strata  correlative  tool,  even  to 
the  point  of  placing  borings  solely  tor  logging  purposes.  Caliper  logs  and 
natural  gamma  radiation  logs,  coupled  with  the  electric  logs,  have  been 
applied  by  the  Division  for  weak  seam  determination.  The  Worth  Central 
Division  (NCI))  and  South.  Atlantic  Division  (SAD)  have  hired  geoelectrical 


streaming  potential  surveys  for  watw  seepage  pat  i'  location  ard  sub&uri  ate 
radar  surveys  for  location  ot  anomalous  voids  and  solid  bodies .  The  N'PD  has 
contracted  for  acoustic  logging  and  cross-hole  .so :  sntic  surveys  to  determine 
the  elastic  properties  of  rod  :  ound.it  ion-,  and  grouted  rock  masses.  Corps¬ 
wide,  there  is  no  real  uiiiiorn'tv  •  o  reliance  oil  re  -phys  i  ca  1  I  v  erived  data, 
any  more  than  there  is  on  the  application  o:  poop;  ical  techniques.  In  son  e 
project  cases  geophysics  is  useu  as  an  eat  !y  euido  to  directing  later,  more 
detailed  core  sampling  exploration.  in  some  cases  geophysics  is  used  midway 
in  a  program  to  extend  knowledge  ..lined  from  ear Jy  boreholes  to  nncoreo  areas. 

9.  Core  borings  and  sample  recovery  net  hods  ve re  described  as  being,  In 
practice,  virtually  standard  i  red  i:  accotnpl  ish>.  d  by  in-house  drillers.  The 
expertise  and  equipment  exists,  it  was  felt,  within  the  Corps  to  make  holes 
and  recover  samples  from  practical!'.  ;.i:v  project  site.  Problems  and  short¬ 
falls  do,  however,  arise  at  nearlv  every  project  it:  the  form  of  obstacles  to 
management  and  planning.  There  is  a  recurrent  : rade-o!  f  between  funds  and 
manpower  available  on  one  side  and  the  number  and  depth  and  sires  of  borings 
believed  required  to  adequate  lv  cnaracr crime  r  K-  geo  I .  >g  j  c ;  h  yd  r<>  I  <>g  i  c  condi¬ 
tions.  Always  present,  this  ditficu!t\  in  opt imj: ing  resources  available 
versus  erfort  required  has  become  greater  and  mote  lostriotivo  in  recent 
years.  There  are  practical  problem  areas  ir  <  ite  execut  ior  of  drilling  pro¬ 
grams  in  existing  structures,  such  as  drilling  :  ror  within  tit-  confines  <  f 
internal  galleries  or  conducting  drilling  durint;  - t rue t u re  operational  use. 
hut  lack  of  money  and  knowledgeable  personnel  w.  ;  e  seen,  as  the  greatest 
obstacles  to  in-heuse  drilling. 

10.  Contracted  drilling  and  samnle  nut  on  a  :• ,  ms  of  In-passing  personae • 

constraints,  but  the  actua  l  pr.-ct  ici  le.t ■.«••••  .-net:  t  ■  he  <•'»•.-  ;  red  in  ti  e  opinions 
of  the  participants.  Assurances  on  'he  oual  i  tv  :  r-cever  cd  armies  are 
difficult  to  obtain,  especially  i  :  the  cent  raet  involves  tela!  leet  or 

numbers  of  holes  drilled.  There  is  soldo:;:  prao:  ical  rc  course  for  the 
geologist /engineer  in  charge  of  a  contracted  Ir  j  1  i  itw  to  erf.:  c<.  ar.v 

kind  of  quality  contra'..  This  can-’,  i  t  ion  is  made  :• .  re  severe  !•;.  the  fact  t  i  a  • 
the  weakest  character  ist  i  cs  and  gon.es  of  rod  arc  tin  -e  most  i  ike!  y  to  be 

critical  to  structural  stability  but  are  a ■ r  o  r '  e  most  o i ; •  i  cu 1 t  t  o  sample. 

It  is  impossible  to  distinguish  between  real,  c  r  i  l  lea!  .-one-.  ■>:'  weakness  and 
sloppy  sampling  techniques  when  ,;e  decide-  is  hast  d  >.  1  »•  I  v  on  ragt:  en  t  ed  or 
lost  cere. 

App  1  i  ca  t  i  on  i  :  !  i  era  t  :  er  :  •  :  o: 

11.  In  some  circumstances  the  number  c :  l.->  •Its  ;  J  do  ,r  .-amp'os  r<  »•»  ve  red  is 

based  upon  the  scatter  and  t  he  values  ot  ia!  or.it  ot  >.  t-.-t  aata  :  rot;,  previous 
studies.  The  geologist  /engineer  in  charge  ot  t ;  ..Mat  n  n  tie::  heconos  „ 
participant  in  the  analysis  and  design  pr  .-ee.-.  v  wr  .  :  u  i  >  i  reel  experi¬ 
ences  in  the  pattern  of  recovered  samples  an.  io>.  degree  >■'  v.ir  i,.h  i  lit--  of  the 

targeted  strata.  His  knowledge  ot  the  geo  log'  g ;  •  es  the  pet  >.  n  ir  charge 

sampling  a  unique  insight  into  the  relative  import  unco  ot  :  :  -  •  ::;c  test 

results  and  the  data  spread.  For  reasons  at  i d ug  loth  . r  tie  ot  fives  >  t  the 
structural  analysts  and  at  the  field  otfiies,  that  a. root  knowledge  and 
experienced  insight  frequently  eitiiei  does  not  get  :  assed  on  is  ho  i  led  cow. 

to  a  single  average  or  extreme  value  tot  a  p.:  i  a.vet  e  r . 


I 


iJ.  I'omp  1  er.entarv  to  flit-  dbove  point  made  in  the  Working  Croup  discussions 
was  the  statement  that  "the  best  people  for  a  p.irt  ieulai  job  are  usua  ’  v  back 
in  the  office  away  trout  the  project  ami  often  tied  up  with  another  job." 
Whether  justified  or  not,  the  tact  observed  is  that  the  most  experienced  and 
qualified  people  for  interpret ing  geological  end  engineering  data  ard  solving 
problems  are  to-  occupied  to  provide  subs,  taut  ia  1  input  to  on-site  plans  and 
dec  is  i  oris  . 

13.  in  situ  tests  vert  rcknovl edged  t<  a  1  wavs  he  hot  ter  than  laboratory 
tests,  if  proper  l  v  curried  out.  The-,  provide  elastic  parameters ,  strengths, 
and  pore  pressures.  Shear  st length  to- ts  were  stated  to  be  the  type  on  which 

tire  most  tint  and  noire,  were  spent.  Put  t  nose  test  specimens  arc  of  such 

small  sine  tirat  on  1  v  sria  1  i  -s<  a  I «  i  cughiie  <s  I  futures  are  inc  1  tided  in  the  test 
results,  i lie  realist  it  stale  features  t <•  he  tested  should  be  much  larger 
(at.d  more  expensive  1  ,  v  i  t  ii  that  ki  ow  lodge  ,  the  bulk  of  shear  test  results 

are  ignored  in  favor  o  •  the  low.  -t,  t  nearly  t  h.e  lowest,  value  found.  This 

procedure  amount?  to  little  isore  thn,  educated  assun.pt  ion .  ■  t  is  incon¬ 

gruous,  there :  ore  ,  tint  numeric.’. ;  "  1 1  ties  :>u  strength,  etc.,  are  often 
demanded  bv  structurri  .analysts  to  o  1  eve  I  of  precision  n  t  Uistified  by 
either  the  source.  <•:  tiie  du!  ;  ”  their  npp  1  i  cu  t  i  on  . 


Specific  Short  ’  i  .  .  >  and  ken  inrenda  t  i  oris 


14.  !  scat  i on  and  cl  ..roc let  i/.  i  lot:  o'  asm  i  -ties  .  r  ;  .ugliness  features  on  rock 

ii.li’i:  ur.n  wa  .  fete.'  to  ..  short  '  :  '  i;  the  c.  iiei.t  exploration  practice-. 
This  prohle-r  correlate.-,  exact!-  t  i  one  pot  t  inept  to  determination  and  use  of 
;  he,,  r  st  remit  I  ;  name!  ",  whet  j-urt  f  c  r.-aiist  ii  <1  iscont  inti’- tv  roughness  play 
in  s.he.ir  strength  at  ’  .-!■*<’  .  to.’  ft-.  -.  V'  com  ’  ns  ions  were  reached  other 

tii  is  that  the  import  r  o-j  o:  the  1  . 


’  .  Ant  icip.it  o-  t  b.  -o  leiitia’  nodes  o:  fa.ili.ic-  ot  a  structure  on  rock  was 

.  ccepted  i  ,-  he  the  r<  ;n  •:  •  ? b  i  ’■  ;  f  -.  •  f  he  exp  b-r  at  ion  teat:.  '.  o  cope  with  that 
resp,  i  :  -.  it  i  .  u.-,.  sa  •  dev--;  e  :::  .-1  to  spe-i  i  c  projects  wiio 

have  a  vide  t  ,1  a,  xh  .'a-  ••  pr  :.‘i  on  e  h  i  st  ei  i  e  s  ami  pe-sonai  experiences. 

Spe  v  .  h  i  ..'..ii  :  m-  our  ate  -:e.  tied  to  i  no  re:  .  c  pr.  loot  personnel  famil¬ 
iar:'  -  with  hc-w  t  -o’  .  ard  •-,><•!  ::a--es  can  1  elmve  and,  in  s.  •  doing,  h.ow  t  hey 

can  t ! .  m  •  t  eh  ex  :  ■  :  :  o  r  *  m  t  i  re-; . 


r  re  !  ••  -  i : 

,  i  op:.'  -•  ice.  1  s 
: ;  -ha:  l  e  . :  . 


f-M,  ior.i;  viietii-ir  if  no  dri!.  core  or  a 

r,  ,e-  ;  i  o  s :  ■  i :  ■  !  e  .  :  inn  i  "suite"  of  ccvi. 

i  c .  i  !  si;  r--e  vs  ,  each  <>•'  which  complements  and 
e0  '  e  ot  lie  r  . 


-  r  is  i  ts 

: !  In:, 


!  ct  ts  O ! ' 
’h.  "ig  ii  tiie 
none  had 
■  r-  -  a  1 1  i  i 


nek  materials  of 
part  l  c  ipant  were 
any  ohse  rv a  !  i oils 
;  i  deg r ada t  i on . 


urvcv  enu  i  p:--ei--t  1  at  o  unu-nal  and  cramped 
'  :  e.  ;u,>  '  si'ii.i-.i!!:  i  ca  t  i  or  :  :  a  the 

:  -  r  •  •  .  e  wh  :  ci.  overcan.e  this 


19.  Problems  arising  from  experienced  Corps  personnel  being  unavailable  for 
project-specific  problems  were  seen  to  be  surmountable  if  the  need  for  help 
was  expressed  sufficiently.  U'hat  is  lacking  is  a  form  of  directory  (other 
than  in  people's  minds],  as  to  what  expertise  does  exist  in  the  Corps 
nationwide  and  where  those  individuals  are  on  duty. 

20.  A  number  of  suggestions  were  offered  for  dealing  with  "unmotivated 
drilling  contractors."  They  include  payment  by  time  spent  rather  than  feet 
drilled;  payment  for  acceptable  samples  recovered  rather  than  feet  drilled; 
assignment  of  experienced  geotechnical  personnel  as  Contracting  Officer's 
Representative  rather  than  someone  in  a  clerical  position;  and  specifying  in 
the  contract  terms  exactly  how  many  and  by  what  means  samples  are  to  be 
recovered  and  preserved.  A  Corps-wide  survey  of  drilling  contract  language, 
both  good  and  bad,  was  seen  as  necessary  and  beneficial. 

21.  Rock  sample  handling  was  discussed  to  ascertain  possible  desirable 
research.  Knowledge  of  sample  handling  methods  was  found  to  be  as  varied 
among  the  participants  as  were  the  actual  practices  used  ir  their  organi¬ 
zations.  An  updated  survey  and  evaluation  of  sample  preservation  and 
transportation  methods  that  have  come  about  since  the  !930's  was  felt  to 
be  worthwhile.  Softer  ,’e.g.  Tertiary  age  sedimentary)  rocks  and  discon¬ 
tinuity  sample  handling  requires  original  research  and  development. 
Semi-automated,  thermally  sealed  plastic  wrapping  was  suggested  as  an  area  of 
study . 

22.  In  order  to  bypass  the  problems  inherent  in  sampling  rough  discontinu¬ 
ities  of  large  scale  it  wa.-.  suggested  that  the  discontinuities  he  charac¬ 
terized  in  situ.  A  variation  on  cross-hole  electromagnetic  wave  surveying  was 
suggested  in  which  the  disci  nr  inu i tv  was  "doped"  with  injected  metallic  salt 
solutions,  thus  providing  a  target  for  the  electromagnetic  wave  survey.  The 
proposal  was  acknowledged  to  have  a  high  risk  o:  failure  but.  to  offer  the 
potential  ability  to  "see"  discontinuities  in  their  totality  between 

horeho 1 es  . 

2).  C-eophysi ea 1  method-  were  discussed  at  length,  beginning  with  electric  and 
natural  gamma  logs.  if  there  is  good  prior  information  on  the  geology,  then 
we  can  definitely  use  the  geophysical  logs  with  confidence  early  in  the 
exploration  program  to  correlate  strata  and  identify  clay-rich  (often  weak) 
zones.  If  there  are  no  or  poor  *ccords  existing  on  the  site  geologv,  then  the 
logs  should  he  used  in  every  boring,  but  only  minimal  reliance  should  be 
placed  on  log  interpretation  in  the  earliest  borings.  Experience  and  geologic 
insight  must  he  developed  at  each  site  before  the  logs  can  be  used  with 
confidence.  Standard  seismic  and  electrical  geophysical  surveys  play  little 
part  in  structural  evaluation;  they  are  simply  not  directed  to  the  desired 
features  ot  rock  masses.  dross-hole  seismic  surveys,  however,  can  provide 
elastic  parameter  data  il  they  are  required  for  stability  analysis. 

24.  Remote  sensing  oi  geological  features  appears  in  function  on  too  large  a 
scale  to  be  applicable  to  exist  ing  structure  roe va 1  oat  ions ;  but  developments 
by  other  agencies  may  arise. 

2j.  Thermal  surveys,  whether  of  water  bodies  or  ground  water  or  regional 
inlrared  radiation  patteins,  offer  somi  promise  in  the  future  hut  not  yet. 


I  r>. 


2b.  A  question  arose  during  discussions  as  to  using  geophysical  methods, 
specifically  acoustic  ranging  similar  to  sonar  and  analogous  to  radar,  to  find 
and  characterize  the  concrete-io-rock  interface  under  existing  structures. 

Some  participants  reported  observing  voids  at  that  interface,  some  reported 
little  cr  no  adhesion  between  rock  and  concrete,  and  all  agreed  the  configura¬ 
tion  as-built  never  matched  the  design/construction  records.  Such  an  acoustic 
method  was  agreed  to  offer  potential  benefits  arising  from  its  development. 

The  implications  of  possible  voids  or  nonintimate  contacts  to  both  sliding 
stability  and  to  uplift  estimation  were  discussed. 

27.  A  major  and  strongly  desired  action  on  the  part  of  the  REMR  program  was 
the  est obJ ishment  or  adaptation  of  a  data  base  of  rock  strength  test  results. 
The  data  hast  would  be  similar  to  or  part  of  the  Computer-Aided  Geotechnical 
Engineering  (CAGE)  system  and  be  accessible  nationwide.  The  goal  would  be  for 
a  local  eng  inner /geo  1 ogi s t  to  be  able  to  extract  all  test  results  for  parti¬ 
cular  lithologies  or  specific  formations  or  from  single  localities  that  had 
been  obtained  in  prior  test  programs.  It  was  stated  that  even  within  the 
confines  oi  some  Districts,  there  was  no  single  source  of  prior  rock 
cliarac  t e r  i t  ion  information. 


Table  1 

(.pmTFCH.VrCAI.  INVESTIGATION7  GUIDANCE  SOURCES 


EM  !  !  W-l-lP.O' 


Geotechnical  Investigation  for  Civil 
Works  and  Military  Construction 


EM  11 10-:- 1908 


Instrumentation  of  Earth  and  Rock  Fill 
Dams 


i’art  1 


hart 


EM  i  no-.1-  1801 
MM  11 10-:- 190 7 
MM  1110-1-180.' 
KM  1110-:- 1906 


Ground-Water  and  Pore  Pressun 
Observat i ons 

Earth-Movement  and  Pressure  Measuring 
Devices 

Subsurface  Investigations  -  Soils 
Soil  Sampling 
Geophysical  Exploration 
Laboratory  Soils  Testing 


Rock  Testing  Handbook 


COMPUTATION  OF  FORCES  AND  METHODS  OF  ANA1  YSJS 
FOR  STRUCTURAL  STABILITY  EVALUATIONS 


Chairman:  Don  Dressier,  DAEN-ECF-F 
Recorder:  Carl  Pace,  WESSC 

Members  :  Erville  Staab,  MRD 
Hubert  Deal,  TVA 
Don  Logsdeon,  NCR 
John  White,  SPK 
C.  W.  Fling,  SAM 
N.  Radhakrishnan ,  WESKV 
Don  Chambers,  NPP 
John  Peters,  WESGE 
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Jerry  Foster,  FERC 
Howard  Boggs ,  FSBR 

Wayne  Clough,  Virginia  Polytechnic  Institute 
Fred  Tracy,  WESKA-E 
Dale  Munger,  DAEN-ECE-0 

Coals  of  the  Working  Croup 

].  Summarize  the  problems  and  shortfalls  associated  with  determining  the 
driving  and  resisting  forces  on  a  concrete  structure  on  a  lock  foundation. 

2.  Identify  the  shortfalls  in  the  present  procedures  which  are  used  in 
evaluating  the  stability  of  existing  concrete  structures  on  rock  foundations. 

3.  Recommend  potential  solutions  with  emphasis  on  research  and  develop¬ 
ment  activities  to  overcome  the  identified  shortfalls.  Field  and  model  test¬ 
ing  as  well  as  analytical  analyses  should  be  considered. 


Int  roduct ion 


4.  The  majority  of  the  Corps  of  Engineers  (CL)  lock  and  darn  structutes 
are  30  to  100  years  old  and  have  shewn  nc  signs  of  instability.  However,  many 
of  these  structures  do  not  meet  present-dav  stability  criteria  when  analyzed 
by  conventional  stability  analysis  methods.  Some  of  these  stiuctures  even 
have  monoliths  which  have  a  calculated  safety  factor  of  less  than  one.  Since 
these  monoliths  have  not  failed,  it  is  obvious  that  the  calculated  safety 
factor  is  incorrect.  In  addition,  overturning  analyses  of  the  monoliths  of 
some  structures  yields  results  which  indicate  that  the  monoliths  will  overturn 
when  subjected  to  loads  of  a  magnitude  that  thev  routirely  withstand.  Calcu¬ 
lating  errors  may  be  due  to  inadequate  determination  of  applied  or  resisting 
forces,  inadequate  selection  ol  analysis  parameters,  and/or  the  concepts  used 
in  the  stability  analysis  and  evaluations  being  invalid. 

5.  The  conventional  stability  analysis  of  an  existing  structure  involves 
making  a  number  of  assumptions  with  respect  to  forces,  analysis  parameters, 
stability  analysis  methods,  and  evaluation  criteria.  These  assumptions  need 
to  be  studied  and  evaluated  to  make  sure  that  ve  are  not  overly  conservative 


in  our  assumptions  or.d  that  our  stability  evaluation  results  are  truly  repre¬ 
sentative  of  the  in-place  stability  of  existing  concrete  structures  on  rock. 

6.  The  cost  of  strengthening  a  structure  against  slicing  or  overturning 
is  substantial.  This  expense,  however,  should  not  be  a  reason  to  change  our 
conventional  stability  analysis  procedures  unless  it  can  logically  be  shown 
that  the  change  is  a  better  representation  of  the  true  in-place  stability  of  a 
structure.  The  general  feelings  of  the  Working  Group  were  that  our  stability 
procedures  result  in  overconservatism  and  that  we  often  spend  dollars  to 
strengthen  structures  which  have  adequate  stability. 

Force  Estimation 


Introduction 


?.  There  are  both  applied  and  resistive  forces  which  act  on  lock  and  dam 
structures.  Examples  of  applied  forces  are  soil  and  water  loads.  Examples  of 
resistive  forces  are  friction,  cohesion,  and  strut  forces  which  develop  to 
resist  the  applied  loads. 

£.  It  is  not  practical  to  measure  the  total  forces  acting  on  a  struc¬ 
ture;  therefore,  they  are  estimated.  The  present  way  of  determining  these 
estimates  for  many  of  the  applied  and  resistive  forces  on  existing  structures 
is  crude  because  of  restrictions  and  variables  such  as: 

a.  Limited  sampling  and  analysis  of  backfill  ard  backfill  pres¬ 
sures  and  limited  measurement  of  uplift  pressures  due  to 
limited  funds. 

b.  Inadequate  methods  for  determining  the  existing  backfill  pres¬ 
sures  on  lock  structures. 

£.  Lack  of  instrumented  data  from  existing  locks  and  dams. 

d.  Nonhomogeneous  backfills. 

e.  Inadequate  information  on  the  construction  of  existing  lock  and 
dams.  For  example,  the  as-built  geometry  may  be  in  question, 
and  the  backfill  material  and  its  compaction  may  not  have  been 
documented . 

t_.  As-built  drawings  documenting  the  location  of  the  concrete-rock 
interface  are  vsually  not  available  or  are  not  accurate. 

£.  Cores  of  the  concrete  structure  and  the  rock  foundation  used 
for  determining  material  properties,  weak  seams,  location  of 
the  concrete-rock  interface,  disparities,  etc.,  are  expensive 
to  obtain  and  at  best  give  limited  results  about  the  three- 
dimensional  environment. 

Backfill  Pressures 


9.  The  need  for  improved  methods  for  determining  the  backfill  pressures 
or.  existing  structures  was  discussed  by  the  Working  Croup.  A  variety  of 
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backfill  materials  have  been  used  at  CE  structures,  and  many  are  nor.bomoge- 
neous,  which  further  complicates  the  problem.  Cobble  hackfills  are  extremely 
difficult  to  sample  and  test  and  backfill  pressures  are  largely  unknown.  The 
determination  of  actual  backiill  pressure  distribution  on  a  structure  is  a 
problem  the  Working  Croup  felt  should  be  addressed.  Research  should  be  con¬ 
ducted  on  the  effects  of  the  shape  of  the  landside  lock  wall  monoliths  on 
backfill  pressures. 

10.  Devices  which  have  been  used  to  obtain  soil  pressures  are:  pressure- 
meters,  Marchetti  dilatometer,  Cloetzl  cel],  Camkometer ,  and  the  lateral- 
stress  cone.  The  success  of  these  devices  is  dependent  on  the  type  of  soil 
and  the  experience  and  knowledge  of  the  operator  concerning  the  device  and  its 
limitations.  Additional  research  is  needed  on  many  of  these  devices  in  various 
types  of  backfills. 

11.  The  determination  of  backfiij  pressures  was  discussed  at  the  workshop 
by  C.  W.  Clough,  and  his  paper  entitled,  "Comments  on  A  Proposed  Investigation 
of  Lateral  Farth  Pressures  Exerted  by  Backfills"  included  in  this  report. 

Uplift 

12.  There  are  differences  in  the  CE  and  the  t'SBR  approaches  to  accourt 
for  uplift  on  the  base  of  lock  and  dam  structure.1;.  The  CF  accounts  for  uplift 
as  a  load,  while  the  USBR  accounts  for  uplift  as  a  base  reaction  (pressure). 

The  USBR  method  of  accounting  for  uplift  s  more  conservative  and  may  be  more 
applicable  to  high-head  dams,  while  the  CE  method  may  he  mere  applicable  to 
low-head  dams.  The  Working  Group  concluded  that  much  uplut  data  has  been 
collected  on  various  concrete  hydraulic  structures  and  that  this  data  could  be 
collected,  put  into  a  data  base,  analyzed,  and  the  results  correlated  with  the 
various  assumptions  used  in  analysis  to  draw  conclusion.',  about  the  validity  of 
the  assumptions. 

13.  There  was  some  discussion  or  the  effects  of  changing  hydraulic  head 
on  uplift  pressures  and  drainage  system  efficiency.  It  was  felt  that  avail¬ 
able  piezometer  instrumentation  is  sufficient  to  make  the  necessary  measure¬ 
ments  to  determine  the  effect  of  changing  heads,  if  the  piezometers  are 
installed  properly  and  in  the  right  locations.  There  may  even  be  enough 
available  uplift  data,  once  collected  ana  analyzed,  to  draw  some  meaningful 
conclusions  on  the  effects  of  chanping  hydraulic  head  on  uplift.  Analytical 
studies  should  be  performed  to  estimate  drain  effectiveness  using  well  theory 
and  the  principles  of  fluid  mechanics. 

14.  It  uas  pointed  out  that  there  is  also  a  difference  ir  the  wav  the  Ct 
and  USBR  account  for  uplift  within  the  concrete  sections  of  a  hydraulic  struc¬ 
ture.  The  USBR  assumes  a  hydraulic  gradient  which  starts  at  the  upstream 
hydraulic  head  on  the  structure  and  travels  through  the  structure  in  r 
straight  line  to  the  elevation  of  tailwater.  I  he  CF  assumes  a  hydraulic  gra¬ 
dient  which  starts  at  an  elevation  of  one-half  of  the  upstieam  hydraulic  head 
on  the  structure  and  travels  through  the  structure  in  a  straight  line  to  the 
elevation  of  tailwater.  This  was  not  considered  to  be  an  item  worthy  of 
additional  research  as  upliit  is  not  generally  considered  to  be  a  problem 
within  the  concrete  structure. 


I  >b 


'5.  Analytical  studies  by  finite  element  analysis  can  be  performed  to 
estimate  the  tilting  and  crack  development  at  a  concrete  structure-rock  foun¬ 
dation  interface  of  a  structure  suspected  to  have  a  crack  at  the  interface. 

This  analysis  could  then  be  compared  to  the  results  obtained  by  conventional 
analysis  of  the  same  structure.  If  the  conventional  or  finite  element  analy¬ 
sis  indicates  that  a  crack  could  exist,  then  a  borehole  micrometer  could  be 
installed  and  measurements  taken  under  changing  loads  to  see  if  the  crack 
really  exists  at  the  structure-foundation  interface.  A  crack  at  the  structure- 
foundation  interface  could  change  the  uplift  or.  the  base  of  the  structure. 

Drains 

16.  Drainage  systems  can  be  used  to  reduce  uplift  pressure  on  the  base  of 
a  hydraulic  structure.  These  systems  can  lose  efficiency  with  time,  however, 
due  to  clogging,  and  some  method  is  reeded  to  determine  drainage  system  effi¬ 
ciency  and  to  determine  when  the  system  needs  to  be  rehabi li ta ted .  There  is 
the  additional  need  to  know  how  drainage  efficiency  is  affected  by  changing 
hydraulic  head  (discussed  previously  in  paragraph  13). 

17.  Current  CE  policy  is  to  treat  the  structure  as  if  it  does  rot  have  a 
drainage  system  when  a  crack  is  estimated  to  exist  at  t he  structure-foundation 
interface  and  extend  beyond  the  drain.  Full  hydraulic  head  is  assumed  to  act 
or  the  base  for  the  length  of  the  crack.  There  was  sene  discussion  on  whether 
this  assumption  was  reasonable,  and  some  members  of  the  Working  Croup  felt 
that  the  drainage  system,  would  still  reduce  the  uplift  pressure  and  should  be 
considered  in  the  stability  analysis.  It  was  felt  that  additional  research 
should  be  conducted  to  resolve  this  issue. 

Stability  /r.alysis 


Eliding 

IP.  The  CE  uses  the  Limit  Equilibrium  Method  as  outlined  in  ETL  111 0— 
2-356  for  the  sliding  analysis  of  concrete  structures  on  rock.  One  concern 
mentioned  about  this  method  was  that  it  neglects  the  effect  of  strain  compati¬ 
bility.  Many  of  the  Working  Group  members  considered  this  to  be  a  serious 
deficiency  when  evaluating  projects  with  soil  backfill,  a  rock  foundation.,  and 
a  passive  resistance  system. 

19.  The  various  types  of  resistance  (friction,  cohesion,  and  passive) 

which  cause  a  structure  to  he  stable  do  not  develop  at  the  same  rate  in  rela¬ 
tion  to  the  resultant  applied  load.  An  example  of  how  comparative  resistance 

rates  ray  develop  is  illustrated  in  Figure  !. 

20.  The  maximum  magnitude  of  each  of  the  various  types  of  resfstai.ee  can 

tie  computed  in  the  conventional  manrtr,  but  their  developments,  in  relation  to 
each  other,  may  vary  in  phase.  This  is  important  because  if  the  maximum  of 

each  resistance  does  not  develop  at  the  same  strain  or  resultant  applied  load, 

it  will  never  be  possible  to  have  a  total  resistance  equal  to  the  sum  of  their 
max i mums .  At  the  resultant  applied  load  of  in  Figure  1,  the  total  resis¬ 
tance  would  not  be  the  sum  of  the  maximunis,  but  would  be  the  sum  of  the  spe¬ 
cific  resistances  at  H^.  This  could  cause  a  significant  effect  on  the  sliding 
satety  factor  as  the  applied  loads  increase. 


RESULTANT  APPLIED  LOAD 


Figure  1.  An  assumed  phase  development 


21.  The  I’SP.R  ttj.es  the  Shear  Friction  Method  for  tn  sliding  ar:al 
its  struct  tires ,  while  the  Tennessee  Valley  Authority  L  T '  A )  v-'es.  the  o 
Friction  and  the  hir.it  Equilibrium  Methods.  There  were  proponents  Ot 
methods  at  the  Workshop.  If  was  unresolved  as  to  whether  additional 
should  he  funded  to  develop  an  improved  analytical  me  thou  ht  anal;.;:  i 
ing  stability  or  exactly  what  research  should  be  undertaken.  '<  w.r- 
nized  that  the  two  existing  methods  (Shear  Friction  aid  hint  let 
both  have  their  deficiencies. 
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.’2.  For  manv  veats,  the  adequacy  ot  a  structure  in  overturns 
has  been  evaiuateu  based  on  where  t  lie  resultant  of  applied  loads  i 
the  base  of  the  j.triu'turp.  it  the  resit’ tart  falls  within  t;  te  <*•  - f  l 
die  base,  the  total  base  will  he  in  compression ,  and  the  structure 
against  over  tun:  ing .  lor  certain  ’oading  conditions 
outside  the  middle  third  and  the  structure  can  still 
For  examp'c,  when  "ut-rest"  earth  pressures  are  used 
'utenanee,  or  maximum  flood  loading  cases, 
fall  outside  the  kern,  hut  at  least  7S  percent  of  the  b 
in  compression .  For  operating  conditions  with  earthquake,  the  re 
oalv  to  fall  within  the  base,  hut  the  allowable  foundation 
he  exceeded. 
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2J.  Sliding  analvsis  uses  either  developed  lorces  (:.’rit  hqu  i  1  i  c:  mm 
Method)  or  maximum  force:;  (Shear  Friction  Met  hoc)  in  determining  the  >  ....  g 

safety  factor.  Problems  can  occur,  however,  if  these  same  lorces  are  m ed  i 
the  analvsis  ot  overturning  because  some  oi  the  passive  resistance  lorces 
considered  for  sliding  analysis  may  net  he  capable  ot  fully  developing  in  ai. 
overturning  situation.  Further,  the  forces  obtained  t : on  the  Limit  f  trn  ;  I  i  1  ■  - 
rium  Method  are  based  on  assumptions  and  are  not  the  actual  fori es  on  the 
structure.  The  sliding  and  overturning  mode:  of  behavior  are  coupled  in 
nature,  and  it  would  be  best  to  analyze  both  modes  using  consistent  lorces. 


>S 


JL 


X 


ANAiYSIS  OF  I'XI STING  STRUCTURES  VERSUS 
THE  DESIGN  OF  NEW  STRICTURES 


Introduct ion 


d-’..  The  information  available  lor  the  evaluation  of  existing  lock  and  dam 
structures  is  significantly  different  from  that  available  for  the  design  of 
new  structures.  The  existing  structure  has  an  operating  history  of  structural 
response  to  various  case  loadings  which  in  most  cases  gives  ( Uar  implications 
about  the  safety  of  the  structure.  Some  would  say  that,  il  a  structure  has 
operated  without  any  signs  of  instability  for  JO  to  100  years  and  has  been 
subjected  tc  various  loading  conditions  for  which  it  was  designed,  then  the 
structure  is  stable  and  does  not  require  strengthening. 

.’5.  For  an  existing  structure,  the  overall  structural  performance  during 
various  loading  conditions  will  be  known;  borings  and  written  comments  about 
the  as-built  conditions  ot  the  foundation  may  be  available;  construction  tech¬ 
niques  man  he  known;  and  the  existence  oi  the  structure  will  allow  actual  mate¬ 
rial  parameter-;-  for  the  structure  to  be  obtained.  However,  this  information 
is  usual  !  v  limited  stops  short  of  wbat  is  needed,  but  it  is  still  helpful . 

It  r.oro  d  i  f  :  ;  c  u '  t  a  no  expensive  to  collect  data  or.  the  foundation  of  an 

jug  st  met  ur<- ,  duo  tc  limited  aciess,  than  to  collect  data  on  the  site  of 
,i  p:-upn..-.u,  st  to  -:ui 


1  i'iie  '!  i  enne.-  : the  analysis  oi  existing  structures  versus  the 
»*e  1  g:  o!  new  .ire'-  pro-  of.  .  ecus  iderat  ion  of  adopting  a  different  or  new 

•  >  1 1  i  t  u.le  out  the  ,'tnl  i'ltv  .  n'teria  of  existing  structures,  the  monitoring 
"  tli  re spo-nse  u:  the  exist  it:p  structure,  and  their  maintenance. 

.  Tie  ana  !ys  i  •  if  existing  structures  j.hoti  Id  use  practical  concepts. 

;  -T  ex  imp  ’«>  .  a  corset  vat  ive  analvs.T-  can  he  used  r  or  an  existing  structure, 
and,  if  it  :  i  r .-  present -da\  criteria,  the  expense  of  additional  invest  i- 
ii  -s  o;arv  a  less  cu'-ervat  ive  ana !\ sis  is  not  needed. 

f  t-uera  i  i .usren t s 

'"he  i!e  t  ei  :t.  i  na  t  ion  of  applied  and  resisting  firces  and  the  concepts 
i  >  the  met  and;  t  !  analysis  and  evaluation  of  the  stability  ol  existing  con 
arete  .tructuri-s  cr  rock  foundations  should  be  considered  irons  nr  overall  view¬ 
point.  Tie  whole  problem  must  he  considered  when  making  changes  to  existing 
" '  tfu-ds  of  ana  lysis  because  many  interrelated  factors  contribute  to  the 
oviiaii  snret\  of  rite  structure.  Care  has  to  be  exercised  when  changing  one 
h'ict'  :  in  the  anilv;  is  because  the  structure  is  safe  due  to  manv  i  actors  and  a 
consist riu  v  o!  cot-servat  isir.  roust  be  maintained  without  causing  an  accumulation 
■  >!  -  ■•  i 1  e !  f.-icter which  causes  the  analysis  to  be  excessively  conservative. 

.’9 .  Ni'.i'v  problem.--  encountered  in  stability  analysis  are  site-dependent, 
and  c.i:  t-  siiuuic  le  taken  to  delineate  si  tt— dependent  effects  and  net  change 
tile  ritei  ia  a*  applied  to  all  structures  because  o;  an  isolated  problem.  The 
'ieteM-.-'n.-it  ion  to  deviate  iron  standard  procedures  for:  (a!  obtaining  forces, 
f hi  se'iuting  .r.iaiysfs  procedures,  and  (c'  determining  evaluating  concepts 
should  be  based  <-;•  a  good  exploration  and  instrumentation  program  which  gives 


the  actual  pressures,  forces,  and  deflections  at  or  near  the  structure  as  well 
as  material  properties  and  relationships. 

30.  An  existing  structure  has  the  advantage  of  having  an  operating  history. 
If  the  operating  history  covers  a  reasonable  range  of  loading  conditions  and 
the  structure  has  shown  no  signs  of  instability,  consideration  should  be  given 
to  factors  not  considered  in  the  design  of  new  structures  but  whirb  contribute 
strength  to  the  stability  of  existing  structures. 

31.  The  existing  locks  and  dams  which  do  not  meet  present-day  stability 
criteria  are  numerous,  and  in  almost  ail  cases  their  operating  histories  show 
no  stability  problems.  This  is  not  conclusive  evidence  that  the  structures 
should  not  lie  strengthened  in  stability.  However,  it  does  strongly  indicate 
that  many  of  these  lochs  and  dams  are  stable  and  that  overconservat i sn  exists 
in  the  loadings,  stability  parameters,  stability  analysis,  or  stability 

cri teria . 

31.  The  friction  angle  (0)  and  cohesion  (c)  values  used  in  stability 
analysis  should  he  obtained  as  realistically  as  possible.  The  upper  and  lower 
bound  values  for  10)  and  (c)  should  not  be  used  unless  they  are  used  in  param¬ 
eter  studies  to  guide  the  .stability  evaluation. 

33.  Comparative  studies  should  always  he  made  <  t;  any  aspect  of  the  sta¬ 
bility  analysis  and  on  methods  available  for  strengthening  structures  ii: 
stability  when  existing  structures  are  analyzed  and  strengthening  measures 
considered.  Computer  programs  developed  by  the  ('ASK  comm fee  should  he 
helpful  in  performing  efficient  stability  analysis. 

34.  In  cases  where  structural  geometry  or  loading  it.  ur  symmetric  a  1  ,  a 
three-dimensional  (3-D)  stability  analysis  may  he  necessary  to  obtain  reliable 
r  esu 1 1 s . 


Kecommenda t i o ns 

35.  The  feasibility  of  measuring  backiill  pressures  in  various  types  of 
backfills  should  be  studied  and  an  assessment  made  of  available  testing  tech¬ 
niques.  Test  programs  for  consideration  are: 

a.  A  limited  test  program  using  a  high-pressure  pressu remoter  to 
measure  the  backfill  pressure  for  a  cobble  backfill.  Consid¬ 
eration  should  be  given  to  how  close  measurements  should  be 
made  from  the  structure-backfill  interface.  c!o  that  compari¬ 
sons  and  evaluations  can  be  made,  the  measurements  should  be 
performed  where  other  instrumented  pressure  values  have  beer, 
obtained . 

b.  A  similar  test  program  could  he  conducted  using  a  pressuremeter 
in  a  clay  backiill  to  determine  the  variation  of  backfill  pres¬ 
sures  with  distance  Idem  the  back l i 1 1-wal 1  interface.  these 
results  should  be  compared  with  stress  cell  data. 

c.  Arrays  of  C loetzl  cells  should  be  placed  in  the  backfill  behind 
a  structure  to  measure  the  changes  in,  backfill  pressures  for  a 


range  of  loading  conditions.  An  instrumentation  system  should 
be  used  which  is  adequate  to  monitor  these  measurements  over  a 
long  period. 

36.  It  is  recognized  that  in  order  for  a  stepped  or  irregular  shape 
structure  covered  with  backfill  material  to  overturn,  a  shear  plane  must 
develop  through  the  backfill  material.  Resistive  shear  forces  develop  along 
this  shear  plane  during  structure  tilting  which  resist  overturning ,  but  they 
are  not  considered  in  stability  analysis.  For  some  structures,  this  could 
mean  that  a  significant  resistive  force  is  being  ignored  in  the  overturning 
analysis.  As  assessment  should  be  made  of  the  influence  of  this  force  or, 
overturning  stability. 

37.  A  parametric  finite  element  study  should  be  performed  to  determine 
the  loads  on  a  structure  with  a  soil  backfill,  rock  foundation,  and  passive 
rock  or  soil  resistance,  and  the  results  should  be  compared  with  the  loads 
obtained  from  the  limit  equilibrium  analysis  as  presented  in  ETL  1110-2-25 6. 
Strain  compatibility  should  be  considered  in  relation  to  both  analyses  to 
improve  the  understanding  of  the  behavior  of  the  structure  and  backfill  and 
what,  if  any,  changes  should  be  made  in  the  present  stability  analysis. 

38.  Existing  data  should  be  collected  from  various  organizations  (TVA, 
I'SBR,  CE,  etc.)  on  uplift  measurements  and  other  parameters  needed  in  the 
analysis  of  the  uplift  under  the  structures.  These  data  should  be  loaded  to  a 
data  base,  analyzed,  and  the  results  correlated  with  uplift  pressures  which 
were  or  would  have  been  obtained  by  the  usual  design  assumptions.  Determi¬ 
nations  should  be  made  as  to  the  validity  of  the  CE  and  I'SBR  approaches  to 
account  for  uplift  on  the  base  of  lock  and  dam  structures.  Recommendations 
should  be  made  toncerning  hew  uplift  should  be  used  in  stability  analysis. 

39.  A  realistic  model  should  be  developed  of  a  monolith  of  a  lock  or  dam. 
and  a  finite  element  analysis  performed  to  obtain  the  tilt  ana  base  pressures. 

A  conventional  stability  analysis  should  be  performed  for  the  monolith  and  the 
results  compared  with  those  from  the  finite  element  analysis.  It  should  also 
be  determined  if  conventional  analysis  gives  a  true  representation  of  the  like¬ 
lihood  of  a  crack  existing  at  the  upstream  or  loaded  face  of  the  structure- 
foundation  interface. 

40.  Experimental  tests  should  be  performed  on  a  block  structure,  and 
crack  development  should  he  measured  at  the  structure-foundation  interface 
under  loadings.  Finite  element  and  conventional  stability  analyses  should  be 
performed  for  the  test  structure  under  the  same  leadings,  and  the  calculated 
cracking  at  the  structure-foundation  interface  should  be  compared  with  the 
experimental  test  results. 

41.  Experimental  tests  should  be  conducted  to  determine  if  it  is  feasible 
to  allow  some  tension  due  to  bond  at  the  structure-foundation  interface.  TVA 
allows  15  psi  oi  tension  at  the  structure-foundation  interface. 

42.  Ai.  existing  lock  or  dam  monolith  should  he  instrumented  during  reha¬ 
bilitation  to  determine  if  a  crack  really  opens  at  t ho  structure-foundation 
Interface  under  loading  when  conventional  stability  analysis  indicates  there 
should  be  a  crack. 
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43.  Drainage  system  efficiency  should  be  evaluated  under  various  condi¬ 
tions,  and  a  theoretical  model  based  on  well  theory  and  fluid  mechanics  should 
be  developed  or  validated.  Rehabilitation  techniques  for  drainage  systems 
should  also  be  studied. 

44.  A  study  should  -be  conducted  to  determine  whether  or  not  the  sliding 
safety  factor  should  be  constant  or  variable  in  relation  to  the  various 
applied  and  resisting  forces:.  Strain  compatibilit>  should  be  considered  in 
this  study.  A  realistic  sliding  analysis  procedure  should  be  developed  using 
variable  safety  factors  for  various  applied  and  resisting  forces. 

45.  A  rational  approach  should  be  developed  for  the  analysis  of  existing 
structures  which  takes  into  account  the  additional  information  which  is  known 

►  about  the  operating  history,  the  site,  and  the  loadings  on  the  existing  struc¬ 

ture.  This  approach  should  provide  uniform  guidance  on  the  forces  to  be  used 
in  sliding  and  overturning  analysis. 

46.  Laboratory  tests  should  be  conducted  to  determine  hew  much  movement 
can  be  tolerated  for  a  concrete  structure  on  a  rock  foundation  without  signif¬ 
icantly  decreasing  its  resistance  in  stability.  This  may  have  an  impact  on 
the  use  of  stressed  or  unstressed  anchors  because  the  unstressed  anchors  must 
have  movement  to  develop  resistive  forces. 

Summary 

47.  Factors  which  may  contribute  to  existing  lock  and  dam  structures  not 
meeting  present-day  stability  requirements  are: 

a.  ''nadequate  consideration  in  the  analysis  of  all  the  information 
hich  is  available  for  existing  structures  including  their 

reading  history. 

b.  Inadequate  determination  of  applied  and  resisting  forces. 

c.  Inadequate  selection  of  analysis  parameters. 

d.  I'se  of  invalid  concepts  in  the  stability  analysis  and 
eva 1 uat ion . 

48.  These  factors  should  be  studied  and  recommendations  made  for  changes 
in  the  overall  stability  evaluation  which  will  better  define  the  in-place 
stability  of  the  existing  structure. 
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at  iiu.’  the  stability  o !'  existing  concrete  structures  on  rock.  Include  both 
continuous  monitoring  inst  rumen  tat  Lon  ar.u  specially  designed  i  ns  t  rumen  1 a 1  ion 
ior  identifying  the  level  of  safetv  o!  existing  concrete  structures. 

hient  i  !  v  tiit*  short  fa  I  1  s  it.  the  preset. t  j  rocedures  aue  adores:  what  types 
o:  ::  c  ;t  i  t  or  i  r  g  c  !  existing  concrete  structures  cat-  best  aid  in  t  h  ,  stability 
eva  1  u  a  t  i  or  pro!*  1  e-::. . 

Recommend  potential  hit  ion.-  tc  overcome  the  identi’ied  short  fa  1  is,  wit  1. 
emphasis  on  hi,!'  plans  for  addressing  the  problems  and  needs. 

.hit  rod  act  ior. 

Iiu  Fi  MR  F.'orks  l;ep  on  "Assessing  the  Stab  :.  1  i  ty  of  Concrete  Structures  oi. 
brought  forth  an  exchange  of  ideas  i  rom  leading  experts  in  the  at  ea  o; 

" I  ns  t rur ent at  ion  ami  Monitoring  Procedure;  ."  Each  Workshop  group  participant 
asked  to  provide  a  tvo-nuge  essav  describing  Ill's  views  as  tc  wh.it  topics 
show  hi  be  addiossed  by  KFMK.  In  order  to  present  a  simple  but  nan  ingui  1 
t  eport  oi.  tie  workshep  proceed  tugs .  the  essays  oi  the  part  if  i  pants  have  been 
.■  n:-;:;;a  r  i  red  in  Table  1.  Kr**n.  this  tabu  1  nt  ion  ,  a  consensus  was  os  tab]  i.'hed  in 
relation  to  three  mail,  topics.  Then  «re  Instrumentation,  I'ata  Co !  I  ec  t  i  on ,  and 
I'riteri;.  am:  Standards,  and  each  : ...  discussed  in  the  bode  o;  this  report . 

’> .  I  he  Instrumentation  Working  Croup  attempted  to  locus  upon  the  following 
t  op i c  s : 

a.  Summarizing  present  procedures  and  experience  for  designing,  imple¬ 
menting,  recording,  and  evaluating  instrumental  ion  for  the  purpose  of 
evaluating  the  stability  of  existing,  concrete  structures. 


h.  Identifying  the  shortfalls  in  the  present  procedures  and  specifying 
the  different  types  of  monitoring  systems  which  best  aid  in  the  stabi lip- 
evaluations. 

c.  Recommend  potential  solutions  to  overcome  various  she.:  trails  wit'- 
emphasis  on  research  and  deve iopment  plans. 

Instrumental  ion 


Types  of  Measurements 

6.  For  dams  and  their  appurtenant  structures,  the  main  quantities  measure  : 

are:  (a)  loads,  including  both,  forces  and  pressures ,  t'M  t!  i  spl  aci  rent  s  -r 

movenents,  including  both  absolute-  and  relative*  values,  ( o'  strains  which  re- 
usual  Jy  converted  into  stress  values,  ( d ;  temperatures,  fe)  see; age  ‘  low 
rates,  (f)  vibrations  (i.e.  ,  acce  ierat  i  or..-' )  ,  inducting  seismic  retie;.-  , 

(g)  acoustical  emissions,  and  11- '■  rotation. 

Types  of  Instruments 

7.  Measurements  are  trade  by  mechanics  i ,  t  iectrica  !  ,  «  pt  ica  1  ,  arc  ust  i  ca  1 

methods.  Pome  oi  the  cocjnonly  used  'instrument  s  a  r«* :  d  force  gages , 

;'b)  pressure  gages,  (c)  ex  t  ensome  t  <■  r  s  ,  Id)  t  i  ;  tnete-i  ■  ,  r’  is  c- 1  inoneters, 

(f)  plumb  lines,  (g)  surveying  (inn  hiding  eln«  trou.ie  d. •-:.(•  ee-re..*  m  itig 
devices),  (h)  strain  gages,  (i)  stress  gages,  '  linear  •••<:. ,d  le  -lit:  e*  erf  it: 
transformers,  (k)  crack  gages,  (I)  joint  meters,  « r: 1  t  '.error  «  t  i-rs  ,  '  n  ■  t.er- 
m  occupies  ,  (o)  flowmeters,  (p)  pie?ometers  ,  and  » q  .•  -  e  : :  :-v  e  ray  k  ■  . 

Instrument  Installation 

8.  After  World  War  11,  instrumentation  became  a  par:  .  •  .far-  •  a r  1  y  : 

this  period,  relatively  little  instruu.  -ntat  ion  was  inn  lin!-.! .  As  the  need  i 
more  information  became  apparent,  additional  inst :  i-::.ent  at  i«-:  -■  •  a.ide  : . 

Adding  instrumentation  to  an  existing  structure  i core  ev;  e;  •  tire  i  :  :  r 

is  installed  during  the  original  construction  and  o:te;  dees  p.-t  pr.  i.!e  all 
the  desired  information  or  is  lacking  in  sufficient  .icceruc-  . 

Design  Group  Visibility 


9.  Over  the  years,  instrumentation  design  has  been:. «  more  soph  : t  tea  ted . 
Present  practice  is  to  include  instrumental  ior  a.-  „  part  o:  t  i.e  design,  but 
several  Workshop  participants  indicated  that  it  is  still  relegated  to  a  sec¬ 
ondare  role  ’ll  the  design  process.  Instrumental  iei:  should  !-■  i  vns  ide  red  an 
integral  part  of  the  design  process  and  not  added  as  au  a t tert bought  . 

Reliabil ity -Accuracy 

10.  One  area  of  apparent  deficiency  in  present -da-,  instrumentation  is  that 
construct ion/f irst  loading  and  long-term  safety.  and  stain  lily  measurer. cuts  ar 
obtalned  from  the  same  instruments.  These  two  functions  should  be  separated, 
and  the  safety  measurements  should  be  taken  t run.  a  set  of  instruments  Jeui- 
cated  solely  to  this  purpose.  On  most  of  the  concrete  structures  designed  or 
operated  by  the  Corps  of  hngineers,  there  .-re  two  kinds  of  instruments, 


namely:  (a)  standard  or  common  instruments  such  as  plump  lines  and  piezome¬ 

ters,  and  (hi  special  or  investigative  instruments.  Often,  there  is  an  over¬ 
lap  in  those  two  kinds  of  instrument  systems.  The  investigative  instrument 
package  depends  upon  the  nature  of  the  problem  under  investigation;  for  exam¬ 
ple:  deflection  versus  cracking  in  the  rock  mass  versus  leakage.  The  Office, 

Chief  Kngineers.  US  Armv  currently  has  design  guidelines  (ER  1110-2-4300)  and 
recomnendat ions  for  various  instruments  which  must  he  installed  in  all  new 
concrete  structures. 

instrument  Avaiiabili ty 

11.  Manv  new  instruments  are  now  available  as  a  result  oi  new  research  and 
developmental  el  forts  by  various  manufacturers.  Keeping  abreast  of  new 
inst ru~entat ioi ,  including  their  availability  and  capabilities  requires  con¬ 
siderable  effort  on  the  part  of  any  instrumentation  design  group.  It  is 
recommended  that  a  catalogue,  perhaps  in  the  form  oi  RF..VR  notes,  he  produced 
which  identifies  the  availability,  capability,  accuracy,  and  expected  life  of 
presently  available  instrumentation.  This  catalogue  would  also  serve  to 
indicate  areas  where  instrumentation  is  lacking  or  has  not  beer  developed  or 
which  instruments  current  b  l  ave  limited  performance. 

Data  Collection 

Manua  1  versus  Automatic 

if.  Data  collection,  when  done  manually,  is  subject  to  operator  errors  and/or 
a  lack  ,-f  skill  in  reading  the  instruments.  This  situation  is  especially  true 
for  dam  and  lock  operation,  because  technicians  are  often  not  informed  or  lack 
training  in  the  significance  ol  various  data.  An  automatic  data  collection 
program  would  do  much  to  overcome  many  of  the  problems  resulting  from  the 
manual  collection  of  data. 

Data  Analysis 

13.  Once  the  data  are  collected,  most  Workshop  members  agreed  that  the 
analysis  of  the  data  is  quite  well  handled  by  the  various  agencies.  At  most 
installations,  design  personnel  who  were  often  members  of  the  original  design 
teams  art  available  for  the  data  analysis.  These  personnel  have  the  skill 
necessary  to  find  any  anomalies  or  inconsistencies  ir  the  data.  Whenever 
deviations  occur,  the  agency  is  then  prepared  to  lake  corrective  action  as 
needed  . 

14.  The  TVA  experience  of  a  single  agency  designing,  constructing,  and 
operating  a  dam  permits  a  continuity  of  personnel  and  ideas,  which  is  clearly 
advantageous  over  the  situation  of  disjointed  groups  performing  these  func¬ 
tions  separately.  TVA  an!  the  US  Army  Corps  of  Engineers  emphasis  periodic 
training  for  all  their  field  personnel  who  collect  data.  Data  are  plotted  and 
documented  on  a  continuing  basis  to  look  for  adverse  trends.  A  statistical 
package  should  be  developed  which  would  automatically  monitor  the  output  of 
the  safety  measuring  instruments  at  each  concrete  structure  site  and  irdicate 
potential  problems  well  in  advance  of  any  crisis  situation. 

15.  Similarly,  Bureau  of  Reclamation  engineers  design  the  concrete  dam  and 
the  instrumentation  package  and  monitor  the  structural  behavior  continuously 


through  construct  ion/first  tilling  and  well  into  (.operation.  Thus,  the  design 
criteria  am!  other  parameters  mav  he  effectively  evaluated. 

Critet.ia  and  Standards 


(.'oin-  i  st  e:i t  Cr  i  t  e  r  ia 


Ifi.  A  r  i  v  unanimous  agreement  was  expressed  by  the  Workshop  members  in  the 
need  for  cooperation  and  interaction  between  the  existing  agencies  in  order  tv 
produce  a  government-wide  set  of  standards  or  guidelines.  The  purpose  shou'c 
he  to  replace  the  existing  agency  standards,  which  are  in  some  instances 
c out  rail  ietorv.  The  design  of  an  instrumentation  package  for  each  im:  iv i dun  1 
dam  is  dependent  upon  the  expertise  of  the  design  team  and  the  importance 
placed  on  i ns t rumen t a t : on .  For  some  projects,  the  instrumentat ion  is  well 
planned  and  integral !v  constructed,  while  for  other  projects  the  instrumenta¬ 
tion  takes  ini  a  secondary  importance.  A  government -wide  guideline  would  be  o; 
cons i de rah  1 e  help  in  this  area. 

i  !' .  Present  !y ,  t  he  interpret  at  ion  o:  both  operating  and  safety  data  is  done 
against  the  existing  criteria.  The  standards  tor  different  agencies  are  in 
some  instances  cont  rad ietorv .  For  o  of  the  standards  have  been  modified  since 
t'e  original  design  caloulnt  ions.  Therefore ,  then  are  a  sigi.it  fount  numbei 
o:  dam;  which  do  not  meet  present  sa :  e  t  y  standards,  piiiiarilv  i  ot  tie  up  I  i :  t  — 
force  criterion.  Some  o!  t  dams  h.-ve  been  reengineered  and  mod  t  J  ied  tc 

bring  them  into  s  i :  i.  ;  \  comp  I  j.it  t.  <.  ,  while  cti.ers  have  not. 

Satetv  i'rit..oia 

,  x  .  Severn  !  oi  the  n>  ‘-bon  members  r «  It  to.at  the  various  agencies  probably 
:.ow  h.iVe  o  non b  h  i  st  >  r  i ,  a  I  dat.:  a  up  '  i f  t -I  orces  so  that  a  design  standard 
c>  -u  Id  i-c  dew!  pa  i .  t  * :  i .-  we  re  accomplished,  t  he>  also  expressed  opt  ini  si:: 

that  mu:  the  da;:.-  which  do  not  reet  existing  stahil't;  standards  in  this 

area  coti  It!  meet  the  new,  more  comprehensive  standards.  For  the  few  remaining 
t!.i8..'  which  would  not  meet  the  new  standards,  a  significant  reengineering 
program  1  d  be  undertaken  in  order  to  bring  them  into  strict  stability 
comp !  i . aw.' . 

1  '■> .  '■'•■si  <■;  the  jack  cl  stability  compliantt  in  concrete  structures  today 
if. nits  • run  the  i j>  1  i  1 t  force  calculations.  However,  another  significant  area 
I'.'  . .! :  e  t  v  lonrern,  where  there  fs  little  in:  orir.at  i  on  available,  is  in  the  area. 
.  ■ :  geo lugica 1  slippage  in  shale  and  clay  seams. 

'•'ho rt  'of  '  - 

’M .  It  is  i  vioi1. mended  that  the  1  ield  instrumentation  data  he  compared  with 
t  he  has  i  c  p. . : mine t ers  and  assumptions  used  in  the  design  stages  of  the  protect. 
I  lie  data  should  he  used  to  verily  whether  the  structure  behaves  as  designed, 
ev  seriou?  shortfall  is  the  lack  of  reliable  instruments  that  can  accurately 
v  e a  sure  exist  ing  stresses  within  soil,  rock,  and  concrete.  Methods  used 
provide  variable  results  and  are  somewhat  unreliable. 
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Conclusions  and  Rccnmniendat  ions 
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A  ’ .  lore  is  a  need  lor  interact  ion  hetvcei  the  vu  riots  agenc  !«•..  '  •  i  i  del  r 
produce  .1  government  -wide  set  u  •  standards  ,  bhe  e:-i-t  lie  n-.ency-st  .ivdnrd-.  , 
in  sor.e  instance.-  ci'nt  radio  t  orv.  i.'merg.encv  procedures  .-.lion  ’  d  /•  uir.'.i  !  : ;  ed  . 

-  b .  Adequate  field  data  on  tiplill  forces  nov  exists  wh  i .  !.  iiuld  !■<•  .os 

and  a  rove  rumen t -w i de  de-igr  standard  should  he  developed. 


Non.de tnu’t  i  ve  to  ting  of  actual  structures  to  deter"  4  ne  the  .ictiw  1 
Victor.-,  of  safety  should  le  invest  ire  ted  for  fear,  i  i>  i  !  i  I  \  ar  d  cost 
e  ;  ;  e c  t  i  ve  i  e s s  . 


h  nirra  rv 


T1.  I  h  i  report  hriei  ly  de.sciil-es  the  idea;'  .r;d  experience  ga  i  tied  h  '  engi¬ 
neers  working  with  instrumentation  systems  as  used  o.t  various  is  Army  Cor of 
engineers ,  IV  bureau  <>i  Reclamation ,  and  Tennessee  Valle'-  Author  it-,  pro  a.-ct  s , 
and  various  existing  structures  or  reck  in  Kurope .  The  shortfalls  nf  the 
instrumentation  systems,  personnel  requirement  s  and  coi.t rad ict  in;  is  existing 
criteria  and/or  standards  have  been  identified  and  set  oi  spec  i  lie  o  i  rli;  ion.- 
ar.d  recon.n.t  nd.it  ions  have  1'een  made. 
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r  Goals  ol~  the  Working  Group 

1.  Summar^e  the  present  procedures  and  techniques  including  methods  of 
analysis,  for  strengthening  the  stability  of  existing  concrete  structures  on 
rock . 

2.  Identify  the  shortfalls  in  the  present  procedures  and  techniques. 

3.  Recommend  potential  solutions  to  overcore  the  identified  shortfalls ,  with 
emphasis  on  RED  plans  for  addressing  the  problems. 

I  n  t  reduc  t  i  on 

4.  Recent  reevaluations  of  several  aging  Corps  structures  have  indicated  that 
some  of  them  do  not  meet  current  design  criteria  lot  stability.  For  those 
structures  which  are  believed  to  he  truly  deficient  in  stability,  the  choices 
are  (a)  to  add  additional  stability  to  the  structure  by  adding  additional 
resistance  to  sliding  and/or  overturning  or  fh)  decrease  the  loads  applied  to 
the  structure. 

5.  Adding  additional  resistant  forces  to  a  structure  is  generally  an  expen¬ 
sive  preposition  and  consequently  it  is  important  to  choose  an  efficient 
method.  Methods  identified  tor  discussion  by  the  group  were: 

a.  Rock  anchors  (active  and  passive). 

b.  Backfill  anchorage  systems. 

c.  Addition  of  passive  resistance. 

1.  Temporary  and  permanent  struts  between  lockwalis. 

2.  Anchored  reaction  blocks  (concrete  or  rock). 

3.  Monolith  joint  keys. 

4.  Underpinning. 

6.  One  method  that  can  sometimes  be  used  to  decrease  the  loads  applied  to  a 
structure  Is  to  operate  it  below  its  original  design  capacity.  For  most  Corps 
structures,  however,  this  is  impractical  and  it  was  not  an  item  for  discus¬ 
sion.  Methods  for  decreasing  driving  and  overturning  forces  that  were 
identified  for  discussion  were: 


I(i8 


a.  : i ;  i  ft  reduction  (cutoffs,  drainage  systems). 

b.  Reduction  of  backfiJ]  [pressures. 

!.  Removal  of  backfill. 

Replacement  of  backfill  with  engineered  backfill. 
i.  Reduction  of  saturation  levels. 

c .  Methods  t<'  Limit  or  Prevent  Excessive  External  loads  (i.e.,  impact, 
ice  leading,  mooring  line  loads,  and  buildup  of  silt). 

Adding  Additional  Resistance 

7.  Methods  tor  adding  additional  resistance  to  sliding  and/or  overturning 
were  discussed  first  1 v  the  group  and  consequently  received  a  fair  amount  of 
attention.  The  first  method  discussed  was  rock  anchors. 


Rock  Anchors 


8.  Roe’s  anchors  can  be  classified  as  either  active  or  passive.  Active  is  a 
tern,  used  for  rocs  anchors  that  are  stressed  when  they  are  installed  in  a 
structure  to  add  addition,.!  resistive  forces  to  the  structure.  Passive  is  a 
term  used  to  indicate  that  no  stress  is  added  to,  the  anchor  when  it  is 
.natalied.  Consequent  !;■ ,  passive  anchors  add  no  load  to  the  structure  until 
the  structure  starts  to  move  which  then  stresses  the  anchors.  Tables  1  and  2 
list  the  advantage-  and  disadvantages  of  active  rock  anchors  and  passive  rock 
anchors  ,  respect  ive  ly. 

‘1 .  A  considerable  amount  of  time  was  devoted  co  the  discussion  of  rock  anchors 
to  include  short  tails  anti  research  and  development  needs.  Rock  anchors  are 
the  most  common  method  ot  adding  additional  resistance  forces  to  a  structure 
and  have  been  used  on  several  occasions  by  the  Corps  (e.g.,  John  Day  I.ock  and 
Dam,  Alum  Creek  Dam,  loci  No.  1  on  Nonongnhela  River,  Klmsworth  I.ock,  and 
Montgomery  lock).  The  disadvantages  listed  in.  Tables  1  and  2  also  cover  the 
short  lulls  identified  for  rock  anchor  systems.  Not  all  of  these  shortfalls, 
however,  are  items  which  car:  benefit  from  research  and  development.  A  total 
of  six  research  ami  development  needs  related  to  rock  anchors  were  identified 
and  pi  i or  i  t  i acc . 

10.  The  first  prior: tv  research  need  was  a  study  of  the  tension  and  shear  fric¬ 
tion  forces  that  build  up  in  passive  anchors  (large  and  small)  as  the  struc¬ 
tures  begins  to  move.  The  amount  of  movement  that  must  take  place  in  a  passive 
anchored  structure  before  the  anchor s  are  fullv  loaded  is  ol  concern.  The  con¬ 
cern  is  that  enough  ::.<  dement  might  take  place  to  allow  a  separation  or  crack 
to  develop  between  the  concrete  structure  and  the  foundation  at  the  structure- 
inundation  i  liter*  ace  which  is  shown  not  to  he  in  compression  bv  the  overturn¬ 
ing  anal'.sis.  This  crack  would  allow  uplift  pressures  on  the  structure 
equivalent  ft-  the  lull  hydrostatic  head.  In  addition,  the  limit  on  separation 
that  will  assure  a  ■! on r- I r i c l i on  type  of  failure  is  of  concern. 

a.  The  use  of  vertical  passive  anchors  in  accordance  with  ACI  shear- 
friction  methods  jr  ol  concern  because  the  separation  required  to  develop  the 
clamping  forte  mav  he  too  large,  in  which  case  the  failure  would  occur  by 
either  bending,  and  shear  in  the  anchor  or  by  crushing  of  the  foundation  rock 
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,'U'  J  I  VI-  KOI  K  ANCHORS 


Advantages 

I.  Puts  an  active  i nice  on  the 
structure  and,  there! ore,  there  is 
less  uncertainty  in  the  aiu:  1 ys i s 
than  for  passive  anchors. 

Puts  structure  foundation  it’ 
compress i on . 

3.  seduces  movement  o:  stun  tore. 

.  Inch  ancle  r  is  tested  as  if  is 
i  us  t  a  i  i  ed . 

’ewer  anchors  required  than  i: 
passive  anchors  were  used. 

(Passive  anchors  are  usual:’.- 
1 ower  capac  it;  '  . 

(■>.  Adds  not;:, a!  load  to  si. ear  plane 
without  movement  ot  structure. 

7 .  Requ i res  a  spec  ia  i  :  t v 
con  tractor. 

S.  Cables  are  easier  to  work  with 
t  It  an  1  one  ha  rs  . 

9.  I'suailv  more  economic,!  1  tlian 
passive  anchors  for  large 
st  rue  t  tires  . 


;>i  s.-u.  vaufoges 


!.  high-strength  steel;-  used  are 
suscept  ihie  to  corn,  ion  (als<  r  <  re 
sensitive  to  In.  droeen  gas  generated 
h  some  grout-  >  . 

.  .  >‘ay  cause  •  ng-term  i  reep  in 
t  ourilat  ion  materia  1  . 

(.  Applies  large  ci  t-cent  rated 
loads  in  structure  and  foundation. 

*.  I- o ;  v  e  r  -.-  i  .tree  anchors  , 

>  i  i  i  i  i-.t ..  t  stress  cone  overlap 
c.'ttld  occur. 

Ca:  No  more  time  cottsur  i  nc 
to  iustnl!  than  :-.to  ice  anchor-  . 


•>.  Requ  i  re'-  .«■  pec  iu  1  anchor  head 
and  more  i  n  spec  t  1  or.  than  passive 
<i  n»  fto  r  c  . 

I'.  Requires  a  specialty 
con.  t :  let  or  . 

<S .  Requires  good  access  to  anchor 
head  to  applv  load. 

9.  Vole  expertise  is  tequired  ir 
the  tie  Id  tor  hot),  c  (-ns  t  rue  t  i  on 
and  i  aspect  ion . 


TA3IE  2 


PASS  I VK 

ROCK  ANCHORS 

Advantages 

Pi sadvantages 

1.  An  anchorage  head  is  usually  not 
required  as  with  active  anchors. 

1.  Requires  some  movement  of  the 
structure  for  loads  to  develop  in 
the  anchors. 

2.  Does  not  add  stresses  to  the 
structure  or  foundation  until  the 
structure  begins  to  move. 

2.  Erfect  of  passive  anchor  system 
on  uplift  forces  rr  the  structure  is 
uncerta in . 

3.  Less  expertise  is  required  to 
install  and  inspect. 

3.  A  larger  number  of  passive 
anchors  are  usually  required  that: 
active  anchors.  Consequently  more 
holes  in  the  structure  and 
leurdation  are  required  which  can 
cause  a  presplitting  condition. 

4.  Usually  more  economical  than 
active  anchors  for  small 

structures. 

4.*  Vertical  passive  archor's 
effectiveness  for  sliding  resistance 
is  uncertain. 

5.  Can  be  installed  ir  area*--  where 
insufficient  access  is  available  to 
load  active  anchors. 

3.  More  uncertainty  in  ana  lysis  of 
passi-e  anchor-  than  active  anchors. 

f> .  Sequence  of  installation  of  the 
anchors  required  is  ot  no  concern 
since  no  load  i;  being  applied  to 
the  structure. 

There  is  more  limited  applica¬ 
tion  of  passive  anchors  than  active 
anchors . 

7.  Corrosion  of  the  anchors  is 
less  of  a  problem  than  with  active 
anchors . 

7.  Each  pas; ive  anchci  js  not 
tested  as  it  is  installed. 

8.  Easier  to  install  underwater. 

*  Some  guidance  is  availclde  from  the  American  Concrete  Institute  (ACI). 
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and/or  concrete  surrounding  the  anchor.  A  failure  by  shear  through  the 
asperities  of  the  rock-concrete  interface  is  necessary  if  the  shear  resis¬ 
tance,  as  determined  by  the  shear-friction  method,  is  to  be  valid. 

b.  The  separation  at  the  rock-concrete  interface  is  a  function  of  anchor 
development  length,  anchor  strength,  and  modulus  of  elasticity.  (See  Fig¬ 
ure  1).  Assuming  the  full  yield  capacity  of  the  anchors  are  developed  ard 
load  is  uniformly  transferred  by  bond  to  the  rock  and  concrete,  then  the 
separation  (As)  of  the  rock-concrete  interface  will  be: 


As 


*y  (ldc  +  ldr) 
E  ‘  2 


where  ldc  and  ldr  are  the  development  lengths  of  the  anchors  in  concrete  and 
rock,  respectively. 

c.  The  development  lengths  are  a  function  of  the  strength  of  the  rock 
and  concrete,  the  anchor  size  and  anchor  strength.  Assuming  for  illustration 
purposes  the  concrete  and  rock  strengths  are  ecual  (compressive  strength  = 
3,000  psi) ,  the  development  length  according  to  ACI  for  a  vc  .  4  bar,  grade  60 
would  be: 


r 

i 


Figure  1 
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0.04  f . 0(0  (60.000) 


l)  inchep 


'.04  Ah ( :  i 


V 


5000 


!  .’0  inches 


he  60(9)  /dCi  ,000  or  0.0.’  inch 
i  nch . 

<! .  A 1 1  hough  rlie  asperit  its  of  the  rock-concrete  interface  ir.ov  accoinaio- 
datt  a  ('.OJ-incii  separation,  they  may  not  accommodate  a  /4-inch  s.eparat  ion . 
Also,  with  lower  strength  rot:k  or  concrete  and  with  larger  anchors  and  higher 
strength  steels  the  separation  could  be  true!:  greater  than  I. '4-inch. 

'.'he  second  prior  it  v  research  need  was  to  determine  iiow  much  movement  can 
be  tolerated  for  a  concrete  structure  or.  took.  This  in  format  ion  would  be 
extremely  helpful  in  the  sole*  lion  and  design  oi  rock  anchor  system.  The 
movement  due  to  temperature  changes  must  Se  considered  and  distinguished  iron; 
movement  due  to  extern.;!  loads. 

1.’.  An  evaluation  of  the  corrosion  rate  of  reinforcing  bars  verses  roinfoi c- 
ing  strands  versus  re  ill  fere  in*  vires  ’was  the  third  priority  research  need. 

The  research  should  determine  which  mater ia 1  has  the  best  corrosion  resist  rrce 
for  both  active  and  passive  anchor  appi i cat  ion .  Tie  influence  of  the 
ho)e~f illing  materia!  on  the  con  cs  ion  rate  oi  the  anchors  should  also  he 
i  nves  ti  rated.  For  example  ,  there  is  evidence  tli.it  indicates  hole-filling 
grouts  which  generate  hydrogen  gas  upon  mixing  and  placing  substantia! !> 
increase  the  corrosion  rate  o*‘  reinforcing  bars  (e.g..  Old  Hive:  Control 
Aux  i !  i  a  r  v  S  t  rue  t  o, re  '  . 

13.  The  remaining  time  research  needs  were  i:ct  ranked  for  their  relative 
priori t\  but  were  all  n  nsiderec.  as  legitimate  needs.  They  are  as  follows: 

a.  An  invest igat ion  oi  the  effect  of  strain  compatibility  between 
anchorage  components  (steel,  hole-1 il ling  material,  and  concrete  or  rock)  on 
the  effectiveness  oi  the  ancho>‘  and  the  loading  of  the  anchor  with  movement  of 
the  structure. 

i  .  i'evelopmei  t  of  guidelines  for  locating  the  ends  of  anchors  (depth  of 
anchor)  to  prevent  cracking  of  the  foundation. 

c  .  i  se  of  a  hurt  hole  mi  c :  cireter*  to  evaluate  cu>>onr  strain  conditions 
at  a  structure  foundation  interface  and  to  serve  as  a  too]  for  monitoring 
anchor  s vs  terns  effect  iveness. 


ana  tor 


No.  18  bar,  grade  60: 

0.1:  1 


v  =-0.11  0,0,000)  * 


r 


'000 


\  c 

and  the  separation  1  '  s'  for  tile  No.  4  bar  would 
and  for  tl:e  No.  18  bar,  60  <  1  d()  )  ,  ;_90  ,  000  or  0 .  J  5 


*  The  borehole  micrometer  is  an  instrument  that  can  he  used  to  measure  strain 
with  time  and/or  loadings  at  Severn1  increment  (stations)  within  a  borehole. 
The  dc "vice  is  described  in  Hr.  Kovari's  paper  earlier  in  this  report. 
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bacl-.l  ill  Anchorage  Syst  cp*s 


14.  Backfill  anchorage  syst  or.:-  arc  used  » •  ..:.ci,or  a  u  i  u>  t  ■ 
overturning  and  sliding  lorce:  pr  duced  !>•  '..ok  1  ;  ;  :  <  ,  tl  e 

example  of  where  these  sv:.t  t  irs  could  he  t:  .-,**»•  I  •-  t  :a  !;::-d‘- :d< 

t  i  on  link  where  backfill  matci  ia!  has  bee;  added  acairst  £  i:« 
i  tv  assessment  o'  the  lands  iik  wall  tnn  y  ieil  ic.it  r  •  hut  it  <;o< 

desired  factor  ot  saietv  when  the  water  level  ins  it.*,  tie  let 

when  mooring  line  loads  are  added  to  the  wall.  tor  sue!.  .  i 
anchorage  system  niav  he  appropri.it  e.  Available  guidan.e 
anchors  and  de  admen  war  ;  c  !  r  to  he  str  :  ic  lent  and  t.o  res. -a  n 
identified  for  backfill  ancheiaae  svsters. 


Other  Methods 


mlaing  i\o: 


- 1  a  lie 


15.  I’nder  this  topic 
and/or  permanent  stru¬ 
t-ary  struts  are  some! 
the  lock  : or  repair  o 
rated  by  the  inv.ru 
chamber.  Permanent 
walls  to  prevent  si 
guidance  for  the  ue 
research  needs  were 


r  : irst 
be  tween 
>  used  t 
or  rehab  i  1  ;  t 
movement  o' 
struts  ate  s 
ding  of  tiie 
o*  the.se 
i  den  ?i;i  e.i . 


. 1 
f  !  , 


:l  l. 

ll'l' 


s-.et 
o  C  !\ 

.. !  in! 


stints 


.-!!•- 


e  :  r  : 
-  i  d .  ■  r  e 


iii.  Ar.ibored  reaction  blocks  Ve  t  c  -ii  -.cus-c  as  a  -  e : 1  .  d  '  add  :  ”r  ;  . ;  i  v  • 

resistance  to  a  st  ructiiri  .  Anchored  ic.u-i  t  o:t  Mo.  Is  beet.  vn  i  -c  '  : 

some  tine  as  at:  a  1 1  e  no:  t  i  ve  t<>  r  -c!  s'-ors  i  nie'v'  the 

structure  on  the  J .  ttuda  t  i .  it .  f.-:e  .>:  the  :  p.  .ies  i :.c.-;t--  t  m  loi.-t  to. 

blocks  ~av  inc  t  ease  the  stab  i  tit*.  ;  or  «*\ .  r  t  nr::  i  n.-  .n  w.  il  o  ■  1  :  d  :  n  r  .  Ad 
tional  research  on  rt  ac  t  ion  h  1  1  •-  and  v,::i  design  ...  ••  wa  >  :  <.  c  c 

to  determine  i  i  they  are  e<  ore  a.  fen  .'  ■'  .  otrpet  :  t  .->  v  ?  t  h  r-v!  an.  In  rs  :  or 
add  i  t  folia  !  staMI'tv  to  a  stmetu’e. 

17.  Shear  keys  the  joints  beta,,.::  i  t  i  i  -  •. 

add  stability  to  a  weak  non.  1  i  t  a  l.-c.jt^d  between  t 

The  stability  ot  tiu.-e  ronol  ith.  eat:  he  as  e;  >  <  ’  ns  i 

linite  element  analysis  methods.  An  ideu!  .  tied  .... 
the  best  method  for  ana  ly  aim:  t  be  ii-t-  •.  :  m.us  ! 
the  n.oiii'  1  i  t  h  j  o  i  n  t :  . 

18.  I  tide  rp  i  nn  i  nr  was  brie:  i  \  discussed  ,.s  a  p.  -  -i'  ’ 

resistance  to  a  structure  hut  it  ..p|>’  t\  at  i.  t  (  e  \  i  -  :  i .  .  > 

considered  ti>  he  ve  rv  limited.  >.■-  r  .rob  v.c  re.  oi:,»  e:  .led 

svs t  ens . 


Id.  The  methods  discussed  t  iai  ar  lave  ’  !  ’■  i 

tan t  forces  t  o  t  he  s  t  rue  t  ui  i  .  -  t  d-  i  1  i  t  b.  ; a  A  i  t .  ■  ,  .  i  : 

decreasing  the  driving  and  ovei  t  urn  i  r.c  ‘orce,..  .  ae  o :  i  i . .  .  di  ivi: 

overturning  iorces  which  can  some'  i :.  e  ie.il,.-  is  uni;:!. 


*m.  V, 


!  I> '  lit  Keduc  t  ion 

Soviiui  question:  were  raised  concerning  uplift  pressures  and  their 
":e,>-'ur  er.eiit  and  tiie  wain  concerns  are  listed  below. 

a.  r.:i.  we  accurat  e  ly  extrapolate  the  measured  nplitt  pressure  beneath  a 
:  i  nurture  tor  one  pool  eit  \ at  ion  to  the  uplift  pressure  that  will  exist  at  a 
higher  pool  elevation’. 

h.  ho  our  current  techniques  give  us  a  true  value  lor  drainage  system 

e  :  !  ■.  c  t.  i  menu >  s 

o.  Do  we  have  and  should  we  have  confidence  in  our  instruments  ami 
measurements  oi  uni  i  ' t  pressures? 

d.  Air  vo  over!"  conservative  in  assuming  100  percent  uplift,  on  a 

.  reefed  area  (area  of  zero  foundation  pressure!  between  the  structure  and 

undue  lor.’.* 

e.  now  t-honld  we  consider  uplift  in  our  stability  analysis?  (The  Corps 
considers  uplift  as  a  point  load  and  the  Bureau  of  Reclamation  considers 

up  1  i  :  t.  os  a  stress.)  . 

.  1.  Coir  TAP  needs  were  identified,  to  address  rlie.se  concerns .  They  are 
Li :  !  e  ow  in  prioi  ;  t  y  order. 

i-ternine  whether  a  crack  opens  at  the  .■  t  ructurt -foundat  ion  interface 
is  '  ■  .  i  e\  a  1  ua  t  i  op  charges  and  the  stab:  1  itv  analysis  indicates  that  a 

portitu:  of  the  base  cr  the  poo!  side  goes  to  zero  foundation  pressure.  it  was 
sugge:  tot!  that  tit  !ui  rehole  micrometer  night  he  the  appropriate  instrument  : or 
this  lie t e r:r. inat  ion. 

b .  1  'o  1  lecf  existing  data  on  measured  uplift  pressures  at  existing,  proj¬ 
ects  take:,  at  differunt  times  and  with  different  pool  elevations.  The  data 
■-dr  old  bo  put  into  a  data  base  to  facilitate  storage  and  analysis.  Analysis 

r t  foods  of  tiie  Corps  and  other  agencies  should  be  used  on  the  data  with  a  goal 
of  ir  proving  or  verifying  existing  methods. 

c.  Conduct  elastic  analysis  on  a  structure  with  a  crack  at  the 

■  t rue l u re- foundat ion  interface  to  determine  how  this  analysis  compares  to  the 
' !  .d  i  t i i  > a i  rigid  body  analysis. 

d.  ietermine  the  number  ui  holes  and  instruments  required  to  get  an 
”rtc  picture  oi  tbe  uplift  pressures  on  the  foundation  cn  a  structure. 

provide  guidance  on  the  location  of  the  holes  and  the  depth  at  which 
ure:>  ;!  o*  up  I i i t  pressure  should  be  taken. 

'  :  ■  .  :  hack  f  1  1  1  Pressures 

pleasures  can  add  substantially  to  the  loads  on  structures  such 
orient  : <  n  1 ockwa I ! s  and  retaining  walls.  in  some  cases  it  mav  be 
t  reduce  the  backfill  pressure  on  these  structures  than  to 

withstand  tbe  misting  pressures.  Research  and  development 
■■■:<■  toll  OWS  ; 


i  r 


a.  Determine  the  effectiveness  of  a  compressive  layer  (e.g.,  foam) 
between  the  backfill  and  structure  which  would  allow  some  movement  of  the 
backfill  to  occur  without  adding  additional  load  to  the  structure. 

b.  When  replacing  the  backfill  with  another  material  is  an  option, 
determine  hew  far  back  from  the  structure  the  backfill  must  be  replaced. 

c.  Develop  and  provide  guidance  on  the  options  for  engineered  backfill 
(e.g.,  reinforced  earth  and  drain  backfills). 

Methods  to  Limit  or  Prevent  Excessive  External  Loads 

23.  This  was  the  last  item  discussed  by  the  group  and  unfortunately,  the 
limited  time  remaining  for  the  group  to  meet  prevented  a  thorough  review  and 
discussion.  However,  it  was  agreed  than  an  overview  of  current  practices  to 
reduce  impact,  ice,  and  mooring  line  loads  and  determine  the  significance  of 
these  loads  with  respect  to  the  stability  of  a  structure  would  be  worthwhile 

Summary 

24.  During  the  1-1/2  days  in  which  the  group  met,  many  shortialls  and  R&D 
needs  were  identified  relating  to  the  selection  and  design  of  systems  to 
improve  stability.  Excellent  discussions  were  held  with  all  group  members 
participating.  The  findings  and  conclusions  were  presented  by  Mr.  Lucian 
Guthrie,  Chairman  of  the  group,  to  all  participants  of  the  workshop'. 
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CONOR  FTP.  STRUCTURES  ON  ROCK  FOUNFATI UNS 


1 . 0  Introduction 

1.1  Purpose .  The  large  numbers  ol  aging  lock  and  dam  facilities  and  the 
present  emphasis  on  upgiading  the  nation's  infrastructure  has  spurred  interest 
in  the  evaluation  of  these  hydraulic  structures.  A  typical  example  of  an 
existing  structure  which  has  been  recently  evaluated  in  Troy  Jock  and  Dam 
located  on  the  Hudson  River  at  Troy,  New  York  (Ref.  1).  The  lock  and  dam  were 
constructed  in  1916  and  are  concrete  gravity  structures  founded  or  a  slaty 
shale  bedrock.  lire  geometry  of  the  lock  arid  dam  monoliths  was  considered 
representative  and  illustrations  of  the  geometry  have  been  used  throughout  thi 
report.  The  evaluation  by  the  Corps  o'  Engineers  (CF)  of  the  stability  of 
structures  sin; la r  to  Troy  lock  and  Par  has  been  based  on  various  methods  of 
analysis  over  the  years.  The  purpose  of  this  report  is  to  present  a  review  of 
the  state-of-the-art  methods  of  stability  analysis  of  concrete  hydraulic 
structures  or.  rock  foundations. 

1  .:  Scope .  The  scope  of  this  report  includes  a  review  of  methods  used 
to  analyze  stability  of  concrete  structures  on  rock  currently  used  by  the  CE 
and  other  design  professionals  it'  private  industry.  An  examination  of  the 
evolution  of  the  historical  Shear  Friction  Method  to  the  current  Limit  Equi¬ 
librium  Method  is  provided  as  well  as  a  discussion  on  Finite  Element  Methods 
for  evaluating  stability. 

This  report  addresses  the  various  failure  mechanisms  associated  with 
sliding  failures,  a  parametric  study,  and  recommends  methods  for  determining 
values  for  the  various  strength  parameters  necessary  for  analysis. 

2 . 0  Review  of  Eliding  Analysis  Methods 

2.1  Hennv's  Method.  A  rational  fliding  analysis  method  was  presented  in 
a  paper  by  Henny  (1924)  (Ref.  2).  The  slidirg  lactor  as  defined  by  Henny  is 
the  ratio  of  the  total  driving  forces  divided  by  the  weight  of  the  masonry 
above  the  assumed  sliding  plane  less  the  uplift  forces  on  the  sliding  base. 

The  factor  of  safety  as  defined  by  this  analysis  was  expressed  as  the  total 
shear— resist ing  strength  acting  on  the  failure  plant-  divided  by  the  water 
loadings  on  the  projected  area  of  the  structure.  The  total  shearing  resis¬ 
tance  was  defined  by  the  Coulomb  equation,  where  the  uplift  forces  under  the 
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structure  were  considered  in  reducing  the  total  effective  weight  of  the  struc¬ 
ture  on  th.e  failure  piano. 

3.2  Shear  friction.  The  CK  Shear  Friction  Method  of  analysis  (Kef.  3) 
evolved  from  Hennv's  Method  am.  has  been  used  until  very  recently  by  the  CK 
for  the  analysis  and  review  of  all  concrete  hydraulic  structures  founded  on 
rock.  This  me thou  assumes  that  at-rest  earth  pressures  act  against  lockwall 
structures  hack  f 1  led  with  soil,  and  that  the  modulus  of  the  rock  is  suffi¬ 
ciently  high  so  that  no  yielding  of  the  wall  occurs  that  would  cause  a 
reduction  in  earth  pressure.  'lire  method  further  assumes  that  the  only 

si rength-re ' at ed  resistance  to  sliding  generally  occurs  at  the  interlace  of 
the  concrete  and  bedrock.  Typically  used  strengths  are  the  intact  strength 
between  the  concrete  and  rock  or  the  strength  of  the  rock.  The  factor  of 
safety  is  expressed  as  the  ratio  of  the  maximum  horizontal  driving  force  which 
can  be  resisted  by  the  critically  potential  failure  plane  passing  beneath  the 
structure  phis  the  maximum  passive  resistance  of  any  rock  wedge  at  the  toe, 
divided  by  the  sum  of  the  horizontal  loads  applied  to  the  structure  (see 
1'  late  I).  A  factor  of  safety  of  4  is  required  for  the  normal  loading 

co.'ldi  l  !  I'llS  . 

An  apparent  inconsistency  in  the  Shear  Friction  Method  of  analysis  is 
that  the  driving  forces,  are  considered  as  earth  pressures  at-rest  for  a  lack- 
’  filed  wall,  but  resistirg  pressures  at  the  toe  are  taken  as  passive  pressures 
in  computing  the  factor  of  safety.  That  is,  the  shear  strength  ol  the  toe 
resistance  is  considered  in  determinin;  the  factor  of  safety,  hut  shear 
strength  of  the  bail.]  ill  is  not. 

The  success  of  the  Shear  hrictinr  Method  is  probably  related  to  the  use 
of  th.e  high  factor  of  safety  oi  4  because  frequently  the  methods  of  explora¬ 
tion  were  crude  compared  to  today's  standards.  Even  more  importantly,  testing 
did  not  always  take  into  account  the.  reduced  strength  on  rock  discontinuities. 

2.3  l.imi t  Ecu i 1 i hr i um .  The  Limit  Equilibrium  Method  has  been  recently 
developed  and  its  use  is  described  in  Engineering  Technical  Letter  1110-2-256 
(KTL  236)  (Ref.  4),  dated  1981.  This  method  is  very  similar  to  the  Limit 
Iquilibriun  Method  used  in  the  geotechnical  stability  manuals  for  earth-fill 
and  rock-f ii 1  uarns  (EM  1 ’ 1 0-2-1902 )  (Kef.  5).  The  analysis  method  cuts  the 
structure,  forming  a  iree-hody  structural  wedge  for  the  analysis  of  stability, 
.-.r.  active  wedge  of  driving  forces  and  a  passive  wedge  of  resisting  forces  com¬ 
plete  the  method.  All  set:-  or  rock-ielated  strength  terms  are  identified  in 


the  free  bodies  and  are  reduced  by  a  uniform  factor  of  safety  sufficient  to 
place  the  structural  wedge  in  equilibrium  (Plate  2).  Normally,  the  equilibrium 
assumptions  are  based  on  the  summation  of  the  horizontal  and  • erticai  j  orces 
only,  and  the  moment  equilibrium  is  net  considered.  This  method  allows  the 
designer  to  consider  the  shear  strength  oF  the  soil  backfill  placed  behind 
landside  lockwalls,  as  well  as  the  shear  strength  of  cr  embedded  toe  where 
passive  resistance  may  be  acquired.  However,  the  designer  should  realize  that 
the  lateral  forces  computed  by  the  equilibrium  method  irom  a  slidirr  stability 
analysis  are  net  good  estimates  of  the  actual  lateral  forces  cr  the  wall  in 
most  cases.  When  this  method  is  used  for  earth  and  rock- ■' i 1  1  dams,  geiieraiiv 
factors  of  safety  of  about  1.5  are  considered  acceptable.  KT!  .’56,  however, 
requires  factors  of  safety  of  2  for  most  normal  loading  conditions. 

The  Limit  Equilibrium  Method  does  not  consider  the  effects  of  strain  com¬ 
patibility,  i.e.,  where  soil  backtill  behind  the  lockwall  may  have  a  verv  low 
modulus  compared  to  that  of  the  reel  f<  ur.dat  ion .  Consequent  1  y ,  actual  pres¬ 
sures  by  the  soil  may  be  higher  or  lover  than  those  computed  it:  the  ana!";, is. 
This  analysis  method  is  not  intended  for  making  an  accurate  estimate  of  the 
actual  distribution  of  stresses. 

Where  it  is  important  to  determine  tire  actual  states,  of  stress,  or  where 
it  is  important  to  determine  the  magnitude  of  actual  deflections,  some  type  of 
elastic  analysis  is  required.  That  is,  computing  the  latter  of  safety  based 
on  the  limit  equilibrium  method  may  not  be  sufficient  to  con.p’ete  the  design, 
of  the  structure.  Some  type  of  elastic  analysis  ray  be  necessary  to  determine 
the  states  of  stress  in  the  structure  and  the  amount  of  estimated  deflection. 

2. A  Finite-Element  Methods.  The  use  of  finite-element  methods  (i.e.,  an 
elastic  method)  is  particularly  appropriate  where  a  greater  understanding  of 
the  states  of  stress  arid  deflections  within  the  structure,  at  e  of  import  arce . 
This  method  can  also  handle  cases  where  soil  or  rock  exhibits  a  large  reduc¬ 
tion  in  strength  after  the  peak  strength  is  reached.  In  these  rases,  a 
finite-element  method  of  analysis  is  useful  in  studying  the  progressive- type 
failure.  Where  more  detailed  stability  analyses  are  rcouired  than  can  be 
achieved  by  the  shear  friction  and  limit  equilibrium  methods,  a  finite  element 
model  should  be  considered.  Further  discussion  of  finite-element  models  is 
beyond  the  scope  of  this  report. 


3 . 0  Review  of  Overturning  Analysis 

3.1  Location  of  t  lie  Resul  taut  .  Little  has  changed  in  the  methods  of 
analysis  for  overturning  through  the  years.  A  free  body  of  the  structure  is 
cut  and  the  forces  on  that  structure  are  considered  hv  sumring  moments  about 
a  point  at  the  base  of  the  structure.  Moments  are  general1''  summed  on  the  base 
to  eliminate  the  unknown  base  friction.  Since  the  intent  of  this  method  is  to 
determine  the  location  of  the  foundation  resultant  rather  than  the  factor  of 
safety  with  regard  to  overturning,  enith  pressure r  a t-rest  ate  generally  used 
in  che  analysis. 

If  earth  pressures  at-resf  are  used  in  the  analysis  and  the  resultant  is 
found  to  be  located  very  close  to  the  toe  of  the  structure,  it  is  possible 
that  the  at-rest  assumption  is  not  satisfied.  An  earth  pressure  between  at- 
rest  and  active  may  apply,  rt  well  as  friction  on  the  hack  side  of  the  wall. 

The  friction  would  produce  additional  restorative  moment  and  further  prevent 
the  structure  from  overturning.  It  is  probably  prudent  to  consider  only  ver¬ 
tical  friction  on  the  structure  for  temporary  loading  conditions  such  as 
dewatering  or  during  extreme  hydraulic  leading  conditions,  since  a  substantial 
friction  may  net  be  maintained  permanently. 

3.3  Bearing  Capacity.  Once  the  location  of  the  resultant  has  been 
determined,  the  maximum  bearing  pressure  can  be  easily  computed  from  the  pre¬ 
vious  analysis.  The  bearing  capacity  factor  of  safety  is  determined  as  a 
ratio  of  the  allowable  bearing  capacity  divided  by  the  maximum  bearing  pres¬ 
sure.  Where  a  large  concrete  structure  is  bearing  on  rock,  generally  very 
conservat ive  maximum  bearing  capacities  have  been  computed  fer  the  rock.  Very 
few  instances  of  bearirg  capacity  failure  for  such  types  of  structures  have 
occurred.  In  most  cases  with  concrete  structures  on  rock  where  the  resultant 
is  at  least  near  tht  middle  third  of  the  structure,  the  factor  ol  salety  on 
beating  is  very  high. 

4 . 0  Fai lure  Mechanism 

£.1  Intact  Rock.  In  the  past,  stability  analyses  generally  assumed  that 
the  failure  surface  was  located  within  the  intact  soil  or  rock  adjacent  to  the 
structure.  Relatively  high  factors  ot  safety  were  used  to  covet  a  relatively 
poor  understanding  of  the  mechanism  of  iailuie  or  the  discontinuities  within 
the  rock  mass.  However,  for  most  design  cases,  an  inspection  of  the  rock 
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quality  aii'  geologic  stnii-tmo  vai'ld  indicate  that  ta.’nre  through  iirtac  t  rod 
is  not  likflv  to  occur. 

4.?  Jointing.  Join*;  f  ng  within  rock  has  been  recount  zed  as  one  r-t  the 
major  determining  factors  for  those  instances  where  fai'ure  occurs  within  a 
rock  mass.  Analysis  of  rock  strengths  in  joints  indicates  that  the  strength 
along  the  joint  is  many  times  i  over  thus  t)  at  o.  the  intact  rock.  Joints  are 
generally  assumed  to  be  plainr  hut  somewhat  irregular  cracks  within  the  rock, 
such  that  little  or  no  cohesion  is  believed  to  exist  on  the  joint  surface. 

The  joint  sur race  is  assumed  to  have  iriet  ion  that  is  determined  by  the 
mi noralogv  oi  the  rock  material,  as  veil  as  a  component  due  to  asperity  or 
irregular itv  on  the  rock  surface.  Several  iidex  method;  of  making  estimates 
on  the  strength  contributed  by  the  * rreg.ular  it les  or  asperities  have  been 
developer!  aid  are  discussed  later  in  tin's  report. 

4  .  i  Weak  Planes.  The  presence  of  v.'t.d  planes  or  v ;  ni>  that  ate  tilled 
in  with  softened  materials  are  the  most  severe  -'r  terms  of  affecting  the  sta¬ 
bility  of  a  structure.  On  these  phases,  weathering  is  ed  to  have  occur¬ 

red,  resulting  in  a  material  with  a  lover  angle  of  friction  than  that  of 
intact  rod.  ’ addition,  little  or  in  asperit;  :  assumed  to  he  present  on 
these  plane  as  the  asperities  r  a  have  been  o  i  t  he)  gouged  arc!  destroyed  by 
previous  d  isplacentni  s  or  eroded  away  as  a  it  suit  o:  weathering  action.  When 
these  weakened  planes  arc  present  .  a  residual  ;t  lit  ion  angle  nay  be  est  iv.r.ted 
from  correlations  with  At  terherp  1  i  its,  oi  the  shear  strength  may  be  taken  ns 
the  ultimate  or  residua!  .strength  it.  eboraf  ory  c.  i  rent  shear  tests.  Any 
analysis  for  a  rev  structure  or  the  eva  lo.nl  h>u  of  exi.tinp  strut  ture  should 
include  a  caret  ul  geologic  review  of  the  :  i  t  e  conditions  as  we  1  !  as  very  care¬ 
ful  continuous  rock  coring  to  determine  whet. her  sue!  potential  failure  sur¬ 
faces  ate  present. 

4.4  Rock-done  re  t  e  i  nU  ri  ace  .  Co;  s  ider.il  1  e  attent'or  ovei  the  '.ears  has 
been  directed  toward  determining  the  strength  <  :  the  rock  i  oi-.crote  interface 
and  its  eifect  on  the  stability  ol  the  structure.  However ,  recent  research, 
as  well  a.-,  numerous  in  situ  tests  ii.ee  show;  t  ha!  .  where  reason, :hle  <  ;  re  is 
taken  in  preparing  the  rock  surface  piior  to  pirn  if  r  concrete,  (here  doe-  not 
appear  to  be  a  realistic  potential  for  failure  on  such  surface. 

Man'’  large-scale  in  situ  shear  tests  have  been  per:  cored  spec  ifical  iv  to 
evaluate  this  type  of  failure  and  the  shea i  strength  parameters  o:  the  founda¬ 
tion  ruck.  The  studies  indicate  that  i .  t  he  concrete  and  rock  have  not 
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deteriorate*],  shearing  wi  1  '  have  to  be  through  the  took  or  through  asperities 
on  the  rock  surface.  Actually,  !  ama  and  Vutukuri  report  evidence  that 

slidirg  almost  revei  occurs  a 1 om»  the  com  rete-rock  contact,  hut  within  the 
rock  rass  some  small  distance  below  the  contact.  Howe'er,  where  the  strength 
of  rock  is  very  high  in  comparison  to  that  of  concrete  and  discontinuities 
within  tiie  reef  are  not  present,  then  this  surface  becomes  a  more  realistic 
surface  for  potential  failure.  in  most  of  these  cases,  t lie  factors  of  safety 
of  sliding  would  general  ].v  he  verv  high. 


h.O  Parameter 

r> .  I  i'aiain  trie  Studies.  i\,  i  amount  •  c  any  analysis  n.etiiod  certain  param¬ 
eters  rust  he  chore-:,  as  input  t the  anal’.:-  is.  in  the  evaluation  of  an  exist¬ 
ing  structure  the  dt  tei  o  r  of  the  input  parameters  can  he  extremely 

difficult  and  e.ypcns  ivt  .  t  .he  » as<  o*  Troy  I  oof  aid  dam,  a  parametric  study 

was  performed  in  nr.  n"iru  t  to  !  do:  t  i  !  y  whicli  parameters  must  affected  the 

strl  ’lit  v  o:  th<-  gravity  :•  f  r  '  uie--  f  •.  ui.de  !  on  rod  .  Th  is,  paran.etric  or 
sensitivity  stud'  va-  per  *'orr  «  d  1 1  >  ;  •  :  !  <  "hear  i'i  :ntion  Method  of  ana  1  vsis  . 

A  iat.dside  teru'iil,  sni  ■  d;  ;n'  to  eart  ?  :  •  essur  e  aid  water  pressure  Load¬ 
ing  a  fid  typical  day  r.i  s.ojifh  wi  t  •  nl  .  se-  a.  i  epr  esent  at  *ve  sections  on  which 
to  app  ’ the  a;  in  !vs  ?s.  the  i.  •  or*--  u  wl  i  eh  the  ci-u  ’.  vs  is  concentrated  were 

those  for  which  a  -  rnr  pt  i  on  <  !  appr  irat'in-  were  recti  i  red  to  determine  val¬ 
ues  .  'fhe  parameter;;  whicli  an-  m.  1  !  v  :  •  vn  w  i  t  h  greater  certainty,  such  as 

geo;,  efry,  weight  of  structure,  and  ea  i  a  leu  la  ted  water  loads,  were  held 

constant . 

<  he  ji.-if.ifM-:  r  rt  list  »•••'  ifi.w  were  :  r  ;  r  d  as  the  ar.alvses  were  performed. 

do t  Aside  1  ci  k  y,  i [ o  I  ith: 

i  .  1  p  I  i ;  f  i  r  e  s  s  i !  r  e  . 

.  .  M.'iw  se  r  pu  I  :  . 
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Dam  Monolith: 

1.  Uplift  pressure. 

2.  Sliding  friction  angle. 

3.  Elevation  of  structure  base. 

4.  Depth  of  siltation  in  front  of  dam. 

5.  Anchor  bar  capacity. 

For  each  of  these  parameters  a  range  of  variation  was  estimated.  The 
increase  or  decrease  in  the  sliding  and  overturning  factors  of  safety  l'or  each 
value  of  the  parameter  were  computed  from  the  midrange  value  and  plotted. 
Summary  plot',  from  the  results  of  the  parameter  studies  are  presented  on 
Plate  3. 

The  influence  of  the  parameter  on  the  overturning  cr  sliding  factor  of 
safety  is  greatest  when  the  slope  of  the  lire  is  flattest.  As  can  be  seen 
from  the  graphs,  the  rock  shear  strength  tor  friction  angle)  has  the  most 
significant  effect  on  the  sliding  stability  of  the  structure.  The  factor  of 
safety  against  sliding  can  vary  bv  approximately  0.85  ovet  a  ten-degree  range 
cf  variation  of  the  friction,  angle.  01  lesser  but  significant  importance  are 
the  lateral  earth  pressure  coefficient,  the  elevation  of  water  behind  the  lock 
wall,  and  the  uplift,  pressure.'  beneath  the  structure. 

For  overturning  of  the  look  monolith,  the  lateral  eat  th  pressure  coeffi¬ 
cient  and  the  elevation  ot  water  behind  the  lock  wall  are  the  most  significant 
factors,  Within  the  estimated  range  of  variation  of  these  two  parameters, 
the  percent  of  hare  in  compression  can  vary  by  over  60  percent.  The  uplift 
ioree  on  the  base,  ui  the  loot  wall  structure  has  lesser  but  still  significant 
influence  on  the  iaetor  of  safer’  against  overturning. 

The  to] lowing  discussion  provides  insight  into  methods  of  determining  the 
key  input  parameter  ol  rock  shear  strength,  and  method  to  better  estimate 
uplift,  hydrostatic  forces  caused  bv  watei  in  the  back'ill,  and  the  forces 
applied  by  the  backfill  itself. 

5.2  Rock  1'a rame t e l  r, .  As  discussed  in  Section'd,  the  strength  cl  the 
rock  may  be  represented  by  that  of  the  intact  rock,  the  strength  a.lcng  an 
unweathered  joint,  or  the  slrcrgth  along  a  weathered  joint  where  an  ultimate 
or  a  residual -type  of  strength  may  apply.  Tn  few  cases  would  the  strength  of 
intact  rock  apply,  because  geneiaily  rock  has  at  least  minor  jointing  which 
would  greatly  reduce  its  in  situ  strength  from  that  of  intact  strengths.  The 
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presence  o!  joints  is  best  determined  by  a  good  geologic  analysis  and  review 
of  the  are«  before  extensive  exploratory  drilling  is  conducted.  An  identifi¬ 
cation  of  jointing,  foliation,  bedding,  preexisting  slides  or  stress-relief  as 
a  result  of  glacial  unloading  froir  geologic  maps  and  nearby  outcrops  will 
usually  give  the  designer  a  good  indication  of  the  geologic  structure  ol  the 
rock  prior  to  any  exploratory  drilling.  Knowing  where  and  how  the  joints  may 
he  formed  is  important  in  selecting  the  proper  exploratory  program  to  deter¬ 
mine  how  they  should  he  assessed  in  determining  the  rock  mass  strength. 

The  determination  of  the  friction  angle  of  a  joint  in  rock  is  difficult, 
and  is  often  evaluated  using  several  independent  methods.  A  literature  review 
of  large-scale  in  situ  shear  tests  c.r.  similar  rock  may  be  helpful. 

An  empirical  peak  shear  strength  equation  developed  by  Barton  (1973)  is 
commonly  used  in  practical  Held  applications  to  estimate  the  shear  strength 
of  rough  joint  surlaces  in  rock  (Hoek  ,  1983). 

'i  he  equa  t  lor  i  s  : 

:  -  ,‘j  H  i  =■  .* ^  +  .IRC  log  (JCF/N) 

who -o  f  -  Peak  drained  friction  angle 

i,  *  Basic  (smooth)  friction  angle 
.IRC  -  Joint  roughness  coefficient 
•  iCS  =  Joint  compressive  strength 
N  =  Effective  normal  stress 

The  parameter  : ^  is  the  basic  friction  angle  of  the  unweathered  rock. 
This  parareter  is  typically  determined  by  direct  shear  testing  of  smooth  rock 
surfaces  or  el  u  joint  which  lias  beer,  subjected  tc  considerable  displacement 
(Hoek  and  Pray,  1981). 

The  value  1  or  .IRC  can  he  estimated  iroir  field  descriptions  of  the  joint 
surface,  lift  tests  on  jointed  core,  jointed  rock  blocks,  or  direct  shear 
tests.  .IRC  varies  from  0  to  20  (Plate  4)  for  smooth  to  very  rough  surfaces, 
respcc  t i ve lv . 

A  rough  estimate  rf  .IRC  can  also  be  determined  from  measurement  of  the 
joint  roughness  amplitude  over  various  joint  lengths  ("Barton,  1981).  For 
example,  an  amplitude  of  about  6  inches  (150  mm)  over  a  joint  length  of 
approximately  10  feet  (  3  m)  indicates  a  .IRC  of  about  20  from  Plate  5. 


5.3  Soil-Related  Parameters .  The  coefficient  oi  ear'll  pressure  at-rest, 
the  unit  weight  of  the  haci fill  mateiial,  and  the  shear  strength  o r  the  hrrh- 
fill  are  the  general  input  parameters  required  to  establish  the  soil  leads 
applied  to  the  structure.  The  kev  soil-related  parameter  in  the  Shear  Fric- 
tion  Method  is  the  coefficient  of  earth  pressure  at-rest.  fnrrentlv,  in¬ 
effective  means  of  measuring  the  at-rest  earth  pressure  are  available.  Vari¬ 
ous  methods  of  approximating  the  coefficient  of  earth  pressure  based  on 
lations  with  friction  angle  or  other  material  prone’ ties  ate  available. 

In  the  limit  Equilibrium  Method,  the  load;  resulting  iron,  the  hoc  I- f  i  !  ! 
are  dependent  on  the  input  parameters  ot  unit  weight  and  sht  nr  strength  of  the 
rnateriai.  The  methodology  lor  determining  soil  pressure  h  '  and  the  fric¬ 
tion  force  (S  1  is  illustrated  in  Plate  .' .  The  determination  o*  t  he  incut 
s 

parameters  of  unit  weight  and  shear  strength  can  he  det  cririnec!  by  c  or.  vent  .in:,  s 1 
laboratory  testing  procedures.  !Y  r  the  limit  eouilihrirn  analvs :>  where  t  lit* 
factor  of  safety  is  well  over  .  ,  this  method  result;.  :  i,  earth  pi  *  '-cures  rre.it  c-t 
than  the  earth,  pressure  at -rest  .  however,  as  j~  r  i  .ms  !  v  discussed,  the  i  et.  hod 
of  analysis  is  not  intended  to  determine  the  actual  states  el  stress,  hut  •  >:i  1  y 
to  determine-  the  mobilised  strenpt !  >  .is  a  rat  t»  m  the  ult  irate  strength;-  of 
soil  and  rock.  Therefore ,  this  is  w,  t  rorside*  ed  to  he  an  incor " i stiun-v . 

Friction  between  the  si.!  hack  f  i  ’  '  and  the  stiu-rnre  '■  '  f :  c-nerai  1\ 

not  considered  in  the  Limit  1  qu:  1  ibriur  Method.  ib-vver  ,  a  re  1 *  ive  1  y  lew 

value  ot  friction,  on  the  or  del  of  or.e-ha  1 :  of  t  he  irioti.u  ancle  m,  hi  linen  :n 

the  sliding  analysis,  is  rent inely  used  in  the  ee<  tcvhnicn 1  manuals  • or  t!  c 

design  oi  earth-  and  rcck-fil’  duns.  Ibis  :  fiction  is  cor. idered  ;  t  appro¬ 
priate  in  cases  where  the  core  of  the  dam  is  re  1  at  v  compress  ih  1  e  in  com¬ 
parison  to  that  of  the  she  1 1  compress  i  h  i  I  i  t  y  .  These  com!  1 1  .fors  are  .-at  is:  led 
for  the  case  of  a  sol !  backfill  behind  a  concrete  gra\it>  vail  and  me.  !  e 
appropriate  in  the  analysis  of  the  concrete  dam  on  a  nek  foundation  as  long 
as  relatively  small  values  of  friction  are  considers'.  The  resisting  frietii.i 

force  (S  )  is  shown  on  the  free  bodies  oi  the  structural  wedge  on  !’]<•.!*  P. 
s  - 

5.4  Hydrostatic  Parameters.  Water  levels  in  the  hack!  i  1  !  ate-  estimate!. 

....  -  i 

either  based  on  groundwater  data  from  the  area  or  are  based  on.  control  a-  a 
result  of  the  installation  of  drains.  The  uplift  pressures  below  the  base  o! 
the  structure  are  usually  estimated  by  making  a  linear  interpolation  between 
the  hydrostatic  and  the  hydraulic  conditions  rr.  the  exterior  wall  o!  the  struc¬ 
ture.  WTiere  relief  wells  are  installed  below  the  structure,  sera-  reduction  in 
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these  hydraulic  pressures  is  generally  considered  based  on  an  assumed  effi¬ 
ciency  of  the  wells . 

Generally  minor  inaccuracies  in  determining  the  hydraulic  loading  do  not 
have  a  large  effect  on  the  computed  factor  of  safety  for  sliding  or  the  over¬ 
turning  analysis.  In  some  existing  structures,  however,  rather  large  uncer¬ 
tainties  as  to  the  hydraulic  leading  may  occur.  For  these  cases  it  is 
generally  desirable  to  install  piezometers  to  monitor  water  presstires  and 
reduce  the  level  of  uncertainty. 

In  the  overturning  analysis  where  the  resultant  falls  outside  of  the  mid¬ 
dle  third,  the  methods  of  analysis  generall>  lequire  that  the  full  hydrostatic 
head  tor  the  backfill  he  applied  up  the  point  of  base  contact  and  then  linearly 
reduced  to  the  external  hydraulic  pressures.  Instrumentation  may  show  that, 
in  reality,  full  hydrostatic  pressures  do  not  extend  in  the  so-called  "zene 
of  tension"  between  the  concrete  structure  and  the  rock  base. 

6.0  Recommended  Evaluation  friteria 

6.1  Sliding  Factor  of  Safety.  Assuming  a  Limit  Four  librium  Method  of 
analysis  and  sliding  shear  strengths  based  on  a  thorough  geologic  review  and 
assessment  of  the  site  as  well  as  continuous  coring  and  laboratory-  testing, 
factors  of  safety  of  2  should  be  considered  acceptable  for  normal  loading 
conditions .  Similar  methods  of  analysis  for  earth-  and  rock-fill  dams  cur¬ 
rently  accept  factors  of  safety  ot  1.5  for  such  analyses.  Justifications  for 
ret  lowering  the  factor  of  safety  ol  2  for  concrete  structures  on  rock  may  be 
based  on  considerations  of  the  strain  compatibility  of  the  materials  and  some 
additional  uncertainty  about  jointing  in  the  rock  materials.  In  the  authors' 
opinion,  these  are  reasonable  justifications  for  maintaining  the  required 
factor  of  safety  at  2. 

6.2  Overturni  r;g  Resultant.  For  many  existing  concrete  structures  it  car 
be  difficult  to  accept  overturning  resultants  that  do  not  fall  within  the  mid¬ 
dle  third  ot  the  structure,  as  Irequently  happens.  I'nder  extreme  loading 
conditions,  i.e.,  dewatered  or  other  hvdraulic  loading  conditions,  it  may  be 
suitable  to  allow  only  50  percent  of  the  base  in  compression.  However,  it  is 
best  to  do  this  only  in  cases  where  the  hydraulic  eruditions  are  controlled. 
This  allows  the  engineer  the  ability  to  change  loading  conditions  should 
apparent  instability  result.  For  the  short-term  loading  conditions  it  is  also 
recommended  to  consider  such  forces  as  friction  between  the  backfill  and  the 


concrete/gravitv  structure,  since  substantial  friction  may  apply  for  these 
short-term  loading  conditions.  Until  better  methods  ci  review  and  analysis 
are  available,  it  is  desirable  to  keep  iOO  percent  of  the  base  in  compression 
for  the  normal  loading  conditions  and  at  least  50  percent  of  the  base  in  com¬ 
pression  for  the  extreme  loading  conditions  where  some  control  is.  available  to 
the  operators  of  the  structure. 

5.3  Bearing  Capacity  Factor  of  Safety.  Because  it  is  difficult  to  accu¬ 
rately  determine  the  ultimate  bearing  capacity  of  rock,  some  conservat ism  in 
inherent  in  the  selection  of  the  design  ultimate  hearing  capacity.  Therefore, 
calculated  factors  of  safety  of  at  least  2  are  piebablv  relatively  conserva¬ 
tive  when  used  in  the  analysis,  as  the  actual  factor  of  safety  is  likely  to  be 
somewhat  higher.  However,  it  is  important  in  this  Case  to  make  a  careful 
examination  of  the  bearing  surface  at  the  toe  of  the  structure  to  determine 
that  it  has  not  deteriorated  over  the  years  as  a  result  oi  weathering  or  the 
rock  materials  and  that  the  full  extent  of  the  bearing  area  is  intact. 

6.4  Strain  Compatibility  and  Progressive  Failure.  Where  the  potential 
for  progressive  failure  or  a  similar  inechani am  exists,  it  is  important  to 
conduct  some  type  of  elastic  analysis,  preferably  a  finite-element  method,  in 
order  to  determine  if  portions  of  the  failure  planes  are  stressed  beyond  the 
peak  into  a  relatively  low  ultimate  strength.  Where  this  occurs,  a  much  lower 
factor  of  safety  than  that  computed  by  the  limit  F>ui librium  Method  may  apply. 
For  such  a  case  with  existing  structures,  it  is  likely  that  some  evidence  of 
deflection  would  be  observable  in  the  field.  However,  interpreting  this 
evidence  may  be  very  difficult  in  some  cases. 
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STABILITY  ANALYSIS  PARAMETERS 
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Concrete  Lock  wall  reetinq 


Corps'  Comments  Concerning  the  Overturning 
Analysis  Shown  on  Plate  2 

The  Corps  of  Engineers  does  not  use  a  safety  factor  method  to  evaluate 
overturning.  An  acceptable  model  of  the  overturning  capacity  of  a  structure 
would  have  to  account  in  some  way  for  the  changes  in  the  lateral  earth  forces 
and  the  frictional  stabilizing  force  between  the  backfill  and  the  structure  as 
the  structure  begins  to  tilt.  The  tilting  analysis  shown  on  plate  2  does  not 
account  for  these  changes. 

Further  research  is  needed  to  develop  an  overturning  stability  analysis  method 
that  allows  the  calculation  of  a  factor  of  safety  and  is  acceptable  for  use  by 
the  Corps  of  Engineers. 
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TYPICAL  ROUGHNESS  PROFILES  For  JRC  rang*,  DESCRIPTION 

|  0-2  Smooth,  planer 


Slightly  irregular, 
planer 


Irregular,  planer 


Very  Irregular, 
planer 


Irregular,  (lightly 
undulating 


Irregu  lar, 
undulating 


Vary  Irregular, 
undulating 


Irregular, 
eery  undulating 


Very  irregular, 
eery  undulating 


Very  irregular, 
■  tapped  and 
undu  lating 


Altar:  ISRM.  1978 


DISCONTINUITY 
ROUGHNESS  CLASSIFICATION 


SHANNON  A  VflLSON.  NC 


U.S.  ARMY  CORPS  OF  ENGINEERS 
TROY  LOCK  AND  DAM 

ESTIMATE  OF  JOINT 
ROUGHNESS  COEFFICIENT 

SHANNON  &  WISON.  INC 


A2C 


PLATE  5 


APPENDIX  B 


STABILITY  CRITERIA  FOR  REHABILITATION 
OF  NAVIGATION  CONCRETE  STRUCTURES 
(DRAFT  ENGINEERING  TECHNICAL  LETTER) 


1.  Purpose .  The  purpose  of  this  letter  is  to  provide  * riteria  and  procedures 
to  be  used  when  analyzing  the  stability  of  existing  navigation  concrete  struc¬ 
tures  which  are  to  he  rehabilitated.  Plans  for  rehabilitation  will  be 
developed  in  compliance  with  the  referenced  documents. 

2.  Applicability .  This  letter  is  applicable  to  all  field  operating  activi¬ 
ties  having  responsibilities  for  the  design  and  construction  of  civil  works 
proj  ec t  s . 

J.  References . 

a.  KM  1110-1-2101,  "Working  Stresses  for  Structural  Design," 
l  November  1963. 

b.  KM  1110-2-2602,  "Planning  and  Design  of  Navigation  Lock  Walls  and 
Appurtenances,"  30  .June  1960. 

c.  KM  1110-2-2606,  "Navigation  Lock  and  Dam  Design,  Navigation  Dams," 
dune  1952. 

d.  WKS  Instruction  Report  K-80-4,  "A  Three-Dimensional  Stability 
Analysis/Design  Program  (3DSAD) ,  Report  4,  Special  Purpose  Modules  Kor 
Dams (CD AMS  1 , "  August  1 983 . 

e.  KR  1110-1-8100,  "Laboratory  Investigations  and  Materials  Testing  For 
Military  and  Civil  Works  Construction  Projects,"  30  August  1974. 

f.  KR  11)0-2-1200,  "Plans  and  Speci t icat ions , "  12  June  1972. 

g.  FT!.  1110-2-22,  "Design  of  Navigation  lock  Gravity  Walls," 

19  April  1967. 

h.  KTI.  1110-2-256,  "Sliding  Stability  lor  Concrete  Structure,’1 
24  June  1981. 

i.  Post -Tensioning  Institute,  "Recommendations  for  Prestressed  Rock  and 
Soil  Anchors." 

4.  Background .  The  same  stability  criteria  have  been  used  for  the  design  of 
new  structures  anc  for  the  reviewing  of  existing  structures.  Some  existing 
structures,  although  do  not  meet  the  current  stability  criteria,  have  performed 
satisfactorily  in  the  past.  It  does  not  seem  to  be  economical  or  necessary 
to  improve  the  structure  just  to  satisfy  the  criteria  when  the  remaining  life 
of  the  structure  is  short  or  when  there  is  no  indication  of  any  stability 
problem.  Waivers  to  the  current  criteria  have  been  granted  on  a  ease-by-case 
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basis.  This  ETL  will  provide  a  standard  procedures  and  uniform  requirements 
for  reviewing  existing  structure.  It  should  be  used  with  caution  and  good 
engineering  judgment.  The  reduced  criteria  in  the  ETL  can  be  used  only  when 
certair  conditions  are  met  and  should  not  be  considered  as  a  convenient 
solution  for  structures  with  a  stability  problem. 

5.  Procedures .  The  following  procedures  shall  be  used  in  the  evaluation  of 
current  stability  conditions  and  determination  of  necessary  corrective  mea¬ 
sures  for  the  rehabilitation  of  the  existing  structure.  The  stability  of  the 
structure  should  be  reviewed  when  there  will  be  significant  changes  in  the 
loading  conditions,  severe  damages  due  to  aging  or  deterioration,  major  modi- 
f 'cations  or  additions  to  the  structure,  or  when  design  criteria  lave  been 
atiged  to  make  them  more  conservative. 

a.  Existing  Data.  Collect  and  review  all  the  available  data  and  informa¬ 
tion  of  the  structure  including  geological  and  foundation  data,  design  plans, 
as-built  plans,  periodic  inspection  reports,  damage  reports,  repair  and  main¬ 
tenance  records,  plans  of  previous  modifications  to  the  structure,  measure¬ 
ments  and  instrumentation  data,  and  other  pertinent  information.  Any  unusual 
structural  behavior  in  the  past  which  may  be  considered  as  an  indication  of 
unstable  condition  or  any  factor  which  may  contribute  to  the  weakening  of  the 
structure's  stability  should  be  noted  and  investigated  further. 

b.  Site  Inspection.  Inspect  and  examine  the  existing  structure  and  site 
conditions.  Any  significant  difference  in  structure  details  and  loading  con¬ 
ditions  between  existing  conditions  and  design  plans,  and  any  major  damage  due 
to  corrosion,  deterioration,  and  traffic  should  be  identified  and  evaluated 
for  possible  effect  on  the  stability  of  the  structure. 

c.  Preliminary  Analysis.  Perform  the  preliminary  analyses  based  on  refer¬ 
enced  criteria  and  available  data.  If  the  structure  does  not  meet  the  cur¬ 
rent  stability  criteria,  list  the  possible  remedial  schemes  and  prepare  the 
cost  estimate  for  each  scheme. 


d.  Resign  Meeting.  Call  a  meeting  between  District,  Division,  and 
DAEN-ECE  representatives  to  discuss  plans  for  the  proposed  detailed  analysis, 


the  extent  of  the  sampling  and  testing  program,  the  remedial  schemes  to  be 
studied,  and  the  proposed  schedule.  This  meeting  will  facilitate  the  design 
effort  and  should  obviate  the  need  for  major  revisions  or  additional  studies 
when  the  results  are  submitted  for  review  and  approval. 

e.  Parametric  Study.  Perform  a  parametric  study  to  determine  the  effect 
of  each  parameter  on  the  structure's  stability.  The  parameters  to  be  studied 
should  include,  but  not  be  limited  to,  unit  weight  of  concrete,  groundwater 
levels,  uplift  pressures,  and  shear  strength  parameters  of  the  backfill  mate¬ 
rial,  structure-  foundation  interface,  and  rock  foundation.  The  maximum 
variation  of  each  parameter  should  be  considered  in  deteimining  the  effect  of 
each  parameter. 

f.  Field  Investigations.  Develop  an  exploration,  sampling,  testing,  and 
instrumentation  program,  if  needed,  to  determine  the  magnitude  and  the  reason¬ 
able  range  of  variation  for  the  parameters  which  have  significant  effects  on 
the  stability  of  the  structure  as  determined  by  parametric  study.  A  Division 
Laboratory  should  be  used  to  the  maximum  extent  practicable  to  perform  the 
testing. 


g.  Detailed  Stability  Analyses.  Perform  detailed  stability  analyses 
using  the  data  obtained  from  the  sampling  and  testing  program  and  procedures 
from  referenced  guidances.  Three-dimensional  modeling  may  be  used  in  the 
analyses  to  achieve  a  more  accurate  prediction  of  the  structural  behavior. 

h .  Review  and  Approval.  Present  the  results  of  detailed  stability 
analyses  and  cost  estimate  for  remedial  measures  to  the  Division  office  for 
review  and  approval.  If  deviation  from  current  stability  criteria  was  made  in 
the  analyses,  results  should  be  sent  to  HQUSACE  (DAEN-ECE-Dj  for  approval. 
Justification  for  deviation  from  referenced  stability  criteria  is  given  in 
paragraph  6. 

i.  Plans  and  Specifications.  Develop  design  plans,  specifications,  and 
cost  estimate  for  proposed  remedial  measures  in  accordance  with  KR  1110-2-1200. 


Considerations  of  Deviation  from  Referenced  Stability  Criteria. 

a.  The  purpose  of  incorporating  a  factor  of  safety  in  structural  design 
is  to  provide  a  reserve  capacity  with  respect  to  failure.  The  required  magni¬ 
tude  of  this  margin  depends  on  the  consequences  of  failure  and  on  the  degree 

of  uncertainties  regarding  loading  variations,  analysis  simplifications,  design 
assumptions,  material  strengths,  and  construction  control.  For  evaluation  of 
existing  structures,  a  higher  degree  of  confidence  may  be  achieved  when  the 
critical  parameters  can  he  determined  accurately  at  site.  Therefore,  devia¬ 
tion  from  the  referenced  stability  criteria  for  the  analysis  of  existing 
structure  may  he  allowed  under  certain  conditions. 

b.  Tn  addition  to  the  detailed  analyses  and  cost  estimate  as  listed  in 
paragraph  5.h,  the  following  information  should  also  be  presented  with  the 
request : 

(1)  Justification  which  will  demonstrate  that  improving  the  existing 
structure  to  meet  the  referenced  stability  criteria  is  not  practical. 

(2)  The  anticipated  remaining  life  of  the  structure. 

f3)  A  study  of  consequences  in  case  of  failure. 

c.  Approval  of  deviation  from  referenced  stability  criteria  depends  upon 
the  degree  of  confidence  in  the  accuracy  of  design  parameters  determined  in 
the  field:  the  remaining  life  of  the  structure;  and  the  adverse  effect  to 
lives,  properties,  and  services  in  case  of  failure.  Table  1  lists  the  minimum 
requirements  for  structure  stability  criteria. 


TABI.P  1 

MINIMUM  STAB  1 1  I TY  CRITERIA  FOR 
REHABILITATION  OF  NAVIGATION  STRUCTURES 


CASES 

NORMAL 

COND. 

MAI  NT. 

COND. 

SEISMIC  COND. 

REMAINING 

L  I FE 

TEMP. 

PERM.* 

TEMP. 

PERM.* 

TEMP . 

PERM.* 

"COMP.  AREA  OVER 
BASE  AREA 

50% 

757 

407 

607 

RESULTANT 
WITHIN  BASF 

F.S.—  SLIDING 

1.60 

1  .SO 

1.50 

1.75 

1  .  10 

1.30 

NOTE:  Maximum  bearing  pressure  at'  any  point  shall  not  exceed  the  bearing 
capacity  of  the  foundation  material  in  all  cases. 

*  When  no  replacement  is  planned. 


7.  Stability  Requirements  For  Remedial  Measures.  When  it  ip  determined  that 
remedial  measures  are  required  for  the  existing  structure,  these  measures 
should  be  designed  to  meet  the  referenced  stability  criteria.  Deviation  from 
these  criteria  may  be  allowed  in  accordance  with  the  requirements  in  para¬ 
graph  6.  Approval  of  deviation  rur  analysis  of  existing  structure  does  ict 
constitute  the  approval  of  deviation  for  remedial  measures. 

8.  Stressed  Rock  Anchor.  Stressed  anchors  pay  he  used  to  stabilise  the 
existing  walls,  foundation  slabs,  and  concrete  monoliths.  They  are  ellective 
against  overturning,  lateral  movement,  and  uplift.  The  cumber  and  capacity  of 
anchors  used  should  be  based  on  engineering  considerations,  and  stability 
requirements.  The  existing  concrete  and  structure  should  be  checked  for  its 
capacity  to  carry  the  sustained  load  at  the  anchorage  points.  Anchors  should 
be  provided  with  double  corrosion  protection.  Design,  installation,  and 
testing  of  anchors  and  anchorage  should  be  in  accordance  with  the  "Recommenda¬ 
tions  For  Prestressed  Rock  and  Soil  Anchors"  by  the  Post-Tens  ion ing  Institute. 
Allowable  bond  stress  used  to  determine  the  length  of  embedment  should  be 

based  on  test  results.  _ percent  of  the  anchors,  to  he  selected  randomly 

by  the  engineer,  shall  be  performance  tested. 

9 .  Unstressed  Rock  Anchor . 

a.  Genera  I  - 

b.  Method  of  Analysis — 

c.  Type  and  Material 
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d.  Design  Considerations- 

e.  Construction  Guidance — 

f.  Testing  Requirenent  and  Procedure — 

g.  Protection  Criteria — 

APPENDIX:  Design  Examples 
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